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PREFACE 
Published here are the three major papers presented at a seminar 
on economt cs of firm grO\vth. The seminar, sponsored by the Great PI a ins 
Technical Research Committee No. 2, became international with the 
attendance of Prof. Ulf Renborg from the Agricultural College of Sweden, 
Uppsala. Prof. Renborg, who has important accomplishments in the subject 
,, 
of firm growth, was able to accept the Corrrnittee's invitation. He con-
tributed a major paper and led the post-seminar critique. 
Purpose of the seminar was to explore. After 5 years of fruitful 
research, the regional project had been recently revised around the 
dynamic concept of firm growth. Committee members would soon be 
developing their contributing projects. We needed to give structure 
to the problem of firm growth and to explore the rrore urgent and more 
promising questions for research. 
The idea for the seminar had originated earlier when a subcommittee 
first met to consider revision of the regional project. That meeting 
itself resembled a seminar except for the absence of prepared papers. 
We did have extensive notes, which I planned to use in a report sum-
marizing the research findings of the regional project. The findings 
had indicated that in the Plains those product enterprises having the 
greatest year-to-year variabi I ity also returned by far the most income. 
Furthermore, any schemes to reduce variabi I ity would I ikewise reduce 
net farm income. Instead of seeking strategies to reduce variabi I ity, 
it seemed better for the firm to ''I ive vlith" a considerable degree of 
variabi I ity, but adopt strategies to dampen the adverse effect of 
low yield years, and adopt other strategies to exploit the opportune 
,. 
C· 
t ncornes from the "bumper crop." Instead of spending the unexpected 
Income on consumption goods, or using it to acquire more rapid equ+t-y 
In present resources, the firm could use it to engage additional pro­
ductive resources, and achieve firm growth. Another alternative of 
course would be investment in nonfarm activities. 
Firm growth has at least three aspects of interest to the researcher. 
First, growth can be a goal in itself especially for the smal I or newly 
established firm, but also for other firms. Thus, the researcher 
ts Interested in developing managerial strategies a firm could use to 
achieve business growth. Secondly, firm growth can be a managerial 
strategy to combat risk and uncertainty. As the farm grows larger 
it may become less vulnerable to such hazards. Thirdly, and partly 
because of the first two aspects, the dynamics of growing firms 
ts a more realistic setting in which to study resource al location, 
production response, and other management problems. For example our 
committee might find in a theory of firm growth an explanation of 
why Great Plains farmers generally have expanded their specialized 
grain enterprises instead of adopting I ivestock feeding enterprises, 
as farmers had done in the Corn Belt. Many agri cu I tura I i sts had expected 
farm feeding of livestock to emerge as the Plains' economy matured. 
Our revised regional project GP-2 encompasses al I three aspects 
of firm growth. The general objective is to learn how farm businesses 
can become established, survive and grow in the Great Plains environ­
ment. This objective breaks down tnto four parts: (I) the ways in 
which beginning farmers can establish a business, (2) the long-run 
organizational strategies for economic growth, (3) the operational, 
or year-to-year tactics to achieve economic survival in periods of stress, 
and (4) an evaluation of alternative combinations of organization 
strategies and operational tactics v1ith respect to firm growth and 
survival. 
Professor Kenneth Teferti Iler (then Texas) arranaed for the seminar -' 
topics, the papers and the discussion. It was decided not to have 
formal discussants in view of the smal I number of seminar participants. 
At the conclusion of the seminar the committee voted to have the major 
papers reproduced and bound for I imited distribution with no attempt 
to summarize the very extensive informal discussion. 
Warren R. Bailey 
Chairman ( 1965) 
) 
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CONCEPTUAL ASPECTS AND PROBLE�S IN FORMULATING FIRM GROWTH RESEARCH1 
By 
J. Rod Marti n2 
There are many problems associated with firm growth research and few 
specific research approaches to those problems. Real progress in formulating 
growth problems and in advancing knowledge of firm growth wi 11 be forthcoming 
only after a great deal of time and effort has been spent in working to solve 
these problems. However, growth research must be undertaken now, for many 
important adjustment problems in agriculture can undoubtedly be effectively 
attacked through firm growth research. 
Dynamic Nature of the Prob I em 
The traditional static theory of the firm has been very useful in 
dealing with many microeconomic problems. The very nature of growth and 
capital accumulation problems, however, renders static theory somewhat 
unrealistic. A brief review of I iterature reveals similar but at the same 
time somewhat different concepts of economic dynamics. 
Samuelson's concept of dynamics is best summarized in his own words: 
I In part, this paper reports some of the preliminary findings of research 
being conducted at Oklahoma State University, Dr. James S. Plaxico, Oklahoma 
State University, should be recognized for his guidance and direction of this 
study. The opinions expressed in this paper are those of the author and do 
not necessarily represent those of the Economic Research Service or the United 
States Department of Agriculture. Helpful suggestions and relevant discussion 
points by my col leagues Kennety R. Teferti Iler, Texas A&M University, and 
Stanley R. Johnson, University of Missouri, are acknowledged. 
2Agricultural Economist, Farm Production Economics Division, Economic 
Research Service, U. S. Department of Agriculture, stationed at Texas A&� 
University, College Station, Texas. 
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Statics concerns itself with the simultaneous and instan­
taneous or timeless determination of economic variables by 
mutually interdependent relations •••• lt is the essence of dy­
namics that economic variables at different points of time are 
functionally related; •••• lt is important to note that each such 
dynamic system generates its own behavior over time, •••• This 
feature of self-generating development over time is the crux of 
every dynamic process.3 
�st economists are familiar with Hick's dynamic model: 
Outputs of different dates are to be regarded as different 
outputs; inputs of different dates are to be regarded as 
different inputs; and beyond that there is only one little 
difference. 4 
The "one little difference" to which Hicks refers is the concept of dis-
counted future costs and receipts. This concept produces a dynamic model 
where the same commodity in different periods 5 treated as different 
cornrrodities. 
Baumol classifies the Hicks approach as statics involving time rather 
than dynamics. He explains that in the model phenomena are not considered 
in their relation to preceding and succeeding events; and if the process of 
change does not concern us, we can consider the situation at a given moment. 
The moment may be dated, but the analysis of it can be static. Baumol 's 
concept of economic dynamics emphasizes the structural aspects of dynamics: 
"Economic dynamics is the study of economic phenomena in relation to preced­
ing and succeeding event."5 
3Pau I A. Samue I son, "Dynamic Process Ana I ys is," � Survey of Contemporary 
Economics, ed. Howard S. Ellis (Philadelphia, 1948), p. 345. 
4J. R. Hicks, Value and Capital (London, 1953), p. 354. 
5Wil liam J. Baumol, Economic Dynamics (New York, 1959), pp. 4-5. 
7 
Harrod also emphasizes the changing structura l relationship in economic 
dynamics. He points out that in economic statics certain fundamental condi-
tions are taken as given, and these known conditions determine the values of 
certain unknowns. In dynamics, however, the fundamenta l conditions wi II 
themselves be changing, and the unknown in the equations to be solved wil I 
not be specific magnitudes per time period but increases or decreases in 
the magnitudes per time period.6 
While economists may detect di5tinct differences among eminent economists 
with respect to concepts of economic dynamics, the layman would be struck 
with the high degree of similarities. The general agreement and, perhaps, 
a precise definition is given by the statement, " •••• how the various variables 
move th rough ti me •••• "7 
Baumol discusses the six c lassifications of dynamic systems as proposed 
by Samuelson.8 These c lassifications are relevant because they tend to 
delineate the types of problems on which we do research. The classifications 
are surnmari zed as fol lows: 
I. Static and stationary. This refers to an economy where no 
change is taking place. (The method of analysis is such that the 
passage of time is not considered.) 
2. Static and historical. This refers to a case where changes 
are taking place but only as a result of noneconomic causes. (Changes 
in output may occur as a result of bad weather.) 
3. Dynamical and causal. This is a type of system where, given 
the initial facts, there is sufficient information to predict what wi I I 
happen in the future. (The structure of the system is given and deter­
mines the conditions at a later time period.) 
6R. F. Harrod, Towards� Dynamic Economics (London, 1948), pp. 1-10. 
7Kenneth E. Boulding, Economic Analysis (3rd ed., New York, 1955), 
p. 4 16. 
8Paul A. Samuelson, The Foundations of Economic Analysis (Cambridge, 
1947), pp. 315-317. See a lso Baumo l, pp.-g"-7. 
8 
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4. Dynamical and historical. This includes a system where the 
course of economic events is only partially influenced by noneconomic 
factors. (This might be a system where the business cycle occurs as 
a result of both changes in investment and variations in the weather. ) 
5. Stochastical and nonhistorical. This is a system where 
changes occur as a result of economic random or chance happenings 
where probabi I ity theory may be used in an analysis. 
6. Stochastical and historical. This is a system where changes 
occur as a result of noneconomic random happenings. 
Although al I research problems cannot be placed in specific categories, 
an attempt shou Id be made to p I ace them within the proper framework of 
analysis; otherwise, the complexity wi I I be overwhelming. Samuelson 
recognizes a definite I imitation to economic dynamics in general. He points 
out that it Is so flexible a method that there are dangers involved in its 
use. The number of conceivable models is I iteral ly infinite, and a I ife­
time may be spent in exploring possibilities. 9 "The overwhelmingly complex 
economic I ife of our society cannot be analyzed in one fel I-swoop -- where 
shal I we begin?"IO An answer to this question is given by Saaty. He 
discusses the problem of restricting an analysis to fewer variables than 
can actually be found in the real world; he defends this "suboptimization" 
as fol lows: 
Suboptimization is a case of optimization for one phase 
of an operation, without taking into consideration every 
factor which has a bearing on the problem •••• For example, 
in optimizing performance in a given naval operation, 
one does not have to consider the entire set of objectives 
of the Navy •••• Although a true optimum is not obtained, it 
at least provides a rational technique for approaching the 
optimum. This procedure is necessary because of economic 
91bid, p. 373. 
IOGeorge J. Stlgler, The Theory of Price (New York, 1960), p. 17. 
9 
and practical consideration, and the difficulty which one 
encounters ••.• ln rrcst practical cases suboptimization is 
the only resort to solving a problem. I I 
The Capital Accumulation Process 
A precise and complete definition of the growth and capital accumulation 
process is the moot question for GP-2 research. Much research wi I I be needed 
to answer this question in its entirety. Some insight into the growth and 
capital accumulation process may be gained by looking at what actually occurs 
with respect to a given firm. 
As an exa"l)le, assume that some productive firm has only one pro-
ductive activity that may be uti I i zed to generate capital. This activity 
(Table I) has total capital requirements of $21.00, including an investment 
requirement of $11.00 Cin land, machinery, or what have you) which must be 
made before the activity can be uti I ized or activated. Operating capital 
requirements are $ 10.00 each production period. Gross sales are $30.00 
and net returns $20.00. In the example, operating capital is equal to 
costs in order to simplify the presentation. The net returns of the activity 
are returns to al I resources used in production. The rrcdel (without 
any reference to objectives or a criterion function) is ii lustrated in Table 
2. 
The level of owned capital at the beginning of the first production 
period is $20.00. The investment required is in some scarce resource, and 
as a result of some limitation only one unit of the investment can be pur-
chased during the first production period. It is necessary to treat capital 
investment as a separate activity because one unit of investment capital 
I 'Thomas L. Saaty, t-Jathematical Methods of Operation Research (New 
York, 1959), pp. 126-127. 
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T�ble I. Requirements and Returns for One Unit of the Productive 
Activity Used to Describe Capital Accumulation 
Item 
Type of capttal requirement: 
Capital investment I/ . 
Operating capita I • -. • 
Total capital required • •  
Gross sales . . . . . . . . . . 
Net retums 2/ 
Arrount 
Doi I ars 
11.00 
10.00 
21.00 
30.00 
20.00 
I/ A requirement such as land, buildings, etc., necessary in order to 
produce through the productive activity. 
2/ Net returns to al  I owned resources equal to gross sales minus operating 
capital (assumes on ly owned capital is used) • 
11 
Table 2. I I lustratfon of the Capital Accumulation Process Through Several Production Periods, 
utl liztng the Productive Activity Described tn Table I, 
$20.00 of Owned Starting Capital and 
$1.00 Borrowed Capital 
Capita I requ i rements and refi• rn�s cff tne-acfrv�rffe-s -by �p�roductfon�perTo�ds 
Trans- : : fi +2 t3 f 4 f5 
Produc-: : fer red : :Produc- : Produc- : Produc- : : Produc- :Produc-
t I on : Unused : capital : lnvest-:ttve : tive : tive : Invest- : tive :tlve 
ertod : ca Ital : I/ : ment 2/:acttvi : actlvlt : actlvi : ment 2/ : activlt :actlvft 
:------------------------�----------------------- �r� -------------------------------------------------------
t, ; 0 = 0 +20.00 +1.00 -11.00 -10.00 
. 
t2 ; 18.94 = 0 0 -1.06 +30.00 -10.00 
. 
t3 ; 38.94 = +18.94 0 +30.00 -10.00 
. 
t4 ; 37.94 = +38.94 0 +30.00 -11.00 -20.00 - . 
N • t5 : 77.94 = +37.94 0 +60.00 -20.00 
t6 : 137.94 = +77.94 0 +60.00 
Net returns 139.94 = - .06 +20.00 +20.00 +20.00 +40.00 +40.00 
Capital invested 22.00 = +11.00 +11.00 
t capital 
117.94 = - .06 -11.00 +20.00 +20.00 +20.00 -11.00 +40.00 +40.00 
- Capital investments Cl39.94 - 22.00 = 117.94). 
Reinvestment capital = Net capital generated+ Starting owned capital (117.94 + 20.00 • 137.94). 
I/ Unused capital from the preceding production period. 
"1./ Investment as required for the productive activity (table I> • 
... 
a llows one unit of the productive activity to be operated in the current 
and all  subsequent time periods. Operating capital, however, is required 
each time one unit of the productive activity is operated. The additional 
equations and restrictions necessary to make a growth nodel operationa l are 
not shown in the example. Only the capital equations are ii lustrated. In 
the model, requirements and returns are on an annual basis, and one pro­
duction period is defined as I year. 
In the first production period, since one unit of investment is made, 
one unit of the productive activity can be uti I ized. Total capital require­
ments are $21. 00; and since only $20.00 of owned capital is available, $1.00 
must be borrowed so that $2 1. 00 is availab le during the first production 
period. The productive activity of production period t1 adds $30.00 
to capital  in the next production period, but $ 1.00 principa l, p lus $0.60 
interest, is paid for the $ 1.00 borrowed for operations in t, . Since only 
one unit of Investment was acquired in t1, only one unit of the productive 
activity is operated during period t2 which has operating capital require­
ments of $ 10.00. Total capital requirements for period t2 equal $ 1 1. 06. 
Therefore, $18.94 of the $30.00 added by the productive activity of period 
t 1 ts unused during production period t2. This unused capital is assumed 
to be transferred and availab le for use in production period t3• The pro­
cess continues. 
In period t4, It becomes possib le to make an additiona l capital invest­
ment. This makes tt possible to produce two units of the productive 
activity. Total capital requirements during t4, then, are $ 11.00 for one 
Unit of Investment, p lus $20. 00 operating capital for two units of the pro-
13 
ductive activity. Finally, at the end of the fifth production period $137.04 
of owned capital is available. 
The net returns through the five production periods are $139.94; capital 
investment is $22.00; and a total of $128.94 of capital ts generated ("net 
capital generated" in Table 2). Two useful equations can be developed from 
this simple example: 
NCG = ENR - EON C I > 
and 
RC= NCG - SOC (2) 
Where NCG represents net capital generated, NR represents net returns, CW, 
capital withdrawals, RC, reinvestment capital, and SOC refers to the level 
of starting owned capital. Capital withdrawals may be further defined as: 
( 3) 
Where I represents capital Investments (such as land, etc.), C represents 
consumption, and Tx, Income taxes. Equation (2) can become: 
RC= ENR - Et - EC - ETx + SOC (4) 
Since SOC is a constant, it may be ignored if it is assumed that some 
form of this equation wi I I be maximized. A relevant question is what ts 
to be maximized? Reinvestment capital, capital investments, and consumption 
may be items that increase satisfaction. Therefore, one criterion might 
be: 
Max. RC+ El +EC= ENR - ETx + SOC 
and the criterion function may be: 
Max. ENR - ETx 
(5) 
The relevant question now becomes: Will this criterion maximize the growth 
14 
process? The answer depends upon how growth is measured. Should it be 
measured mostly in terms of reinvestment capital, capital investments, or 
consumption? 
The point of these equations and discussion is to ii lustrate that in 
a growth framework al I capital flows over time must be accounted for. The 
conventional measures of costs and returns become somewhat less useful in 
the capital accumulation process. In determining the structure of the 
model, costs are important only to the extent that they require capital to 
be withdrawn from the capital generating stream. High input costs associated 
with smal I capital withdrawals (such as harvesting costs) become a minor 
consideration, but smal I costs associated with large capital withdrawals 
(land purchases for example) become very significant. Returns are important 
ln the growth process only to the extent that they represent net increases 
in resources (for example, net increases in I iquid capital levels which 
may be used to purchase any resource) . In a static framework, smal I costs 
associated with large capital requirements increase net returns compared 
to higher costs and lower capital requirements. However, in a capital accu­
mulation framework, the higher net returns may not be compatible with maximum 
grow th rates. 
Framework for a Growth Problem 
Many factors other than the transfer of capital through time are rele­
vant to the growth process. So many factors are involved that it may be 
des i rab I e to es tab I i sh some framework for discussion. Tab I e 3, a growth 
15 
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Table 3. Resource Levels, Activities and Restriction Requlre1111tnts of Capital AccunNJlatlon M:>del 
:Resource : 
or . . 
:restrlc-
:tlon 
Item : Unit . level . . . . . 
Prod. per I od I 
,.o Land . ac • 426 .?. . 
Labor . hr. 1,900 > 3.14 . 
Operating capt. : dol. 6,106 > 18.11 
Col lateral : dol. 102,240 > 
Equipment . ac • 700 > 1.0 . 
Lfvestk. Invest. : ac. 426 > 1.0 
Fixed cost : dol. 4,532 ';' 
Net returns : dol. 0 -24.97 
Relnv. capt. : dol. 6,106 >-24.97 
Prod. period 2 
Land . ac. 426 > . 
Labor . hr. 1,900 > . 
Operating capt. : dol. 0 > 
Col lateral : dol. 102,240 > 
Equlp•nt . ac • 700 > . 
Llvestk. Invest. : ac. 426 > 
Fixed cost : dol. 4,532 • 
Net returns : dol. 0 • 
Relnv. capt. : dol. 6,106 >-24.97 . 
Subsequent tl,ne periods . • . . • . • . • • . • . • • . . 
Objective function (net returns> 24.97 
4 
. . . . . . . . . . . . . . . . . . . . : . :Consume: . Transfer . . . . . . . . Land acg u I s I t I on : : : Buy : : Buy :25j of : Save : relnv. capt. 
: cash :Anorflzed: Rent :Hire : Borrow:equlp- :Fixed :llve- : net :caol- : to 
bu loan : land :labor:ca Ital :,nent 
-1.0 -1.0 -1.0 
..1.0 
242.00 16.05 12.00 1.00 -1.00 .3.95 1.00 5.26 .25 
285.5.3 2.0 
-1.0 
1.0 
1.0 
2.00 1.3 • .31 12.00 1.00 .06 2.79 .34 ,.o 
242.00 16.05 12.00 1.00 .06 .3.95 , .o 5.26 .25 ,.o 1.0 
-1.0 -1.0 
16.05 3.95 ... ,.o 
-240.00 279.58 
-1.0 
1.3.16 2.72 
242.00 32.10 12.00 1.00 .06 3.95 1.0 5.26 .25 -.04 
• . . . . • • • • • • 
• . • • . • . . • • • 
• . • . . . • • . . • 
-2.00 -282.96 -12.00 -1.00 -.06 -73.22 �.34 o.o o.o .04 o.o 
�· 
model presented within a I inear programming framework, provides such a 
framework. It is not intended to imply that this is the growth rrodel. 
It is also not intended to imply that techniques other than I inear programming 
are irrelevant with respect to growth research. The framework is appropriate 
since it incorporates al I the important aspects of the problem, including 
resources, their use and development, alternatives by which resources may 
be developed or used over time, criteria or objectives to be fulfi I led by 
the solution to the problem, and a structural framework relating the component 
parts of the problem. 
The model depicts the situation of an established farm firm, a 426-acre 
owner-operated farm including a complement of equipment and I ivestock. The 
complement of equipment is adequate for a size of operation up to 700 acres 
of land. Additional equipment must be purchased if the total acres operated 
exceed this level. In the event that expansion, in terms of acres operated, 
occurs above the starting size of 426 acres, additional I ivestock must be 
purchased. The level of family labor available is 1, 900 hours, and additional 
labor may be hired at the going wage rate. Annual fixed or overhead costs 
must be met; these costs increase if the total operation exceeds 700 acres. 
In addition, a minimum capital withdrawal equal to $3,000, plus 25 per cent 
of the annual net returns is required, which is assumed to be used for family 
consumption. The starting level of owned capital is $6, 106. Additional 
operating capital may be borrowed up to a level equal to 50 per cent of the 
unmortgaged value of owned land. Additional land may be operated through 
renting or purchase. Land may be purchased on a cash basis or through a 
33-year amortized real estate loan which requires a mortgage on owned land. 
17  
The model, including only the activities of the first production period 
(first year) and their relationship to the second period with resource and 
restriction levels through the first two production periods, is shown in 
Table 3. This model is uti I ized in a study of capital accumulation and the 
growth process of the farms, conducted at Oklahoma State University. The 
results of this study wi I I be reported in a manuscript under preparation, 
"Polyperiod Analysis of Capital Accumulation and Growth Process of Farm 
. Firms, Low Roi I ing Plains of Southwestern Oklahoma." Some of the pre I iminary 
results from this study wi I I be reported in later sections of this paper. 
The starting situation and the operation activity (column 2, Table 3) were 
determined by I inear programming computations. The purpose of the linear 
program problem was to dereive the minimum land requirements and optimum 
combination of enterprises to obtain a $3, 000 return to operator labor and 
management for a specific resource situation.12 The enterprise combination 
and requirements on a per acre basis were used to represent the operating 
activity used in the model. 
The operating activity may be looked upon as an aggregation of enter-
prise activities. Any farm operation, accumulation of capital, or expansion 
of the land base must utilize this operating activity. Therefore, the com-
bination of enterprises is predetermined and not to be solved as a specific 
part of the growth problem. No costs or capital charges are included for 
the use of owned resources. This is a necessary and realistic accounting 
12The I inear program solution was taken from Percy L. Strickland, Jr. , 
et al. , Minimum Land Re
6
uirements and Ad*ustments for Specified Income Levels, Southwestern Oklahoma, kia. Agr. Exp. Sa. Bui. B-608, May 1963, p. 52. 
18 
procedure because returns to owned factors are used indiscriminately in the 
growth or capital accumulation process. 
In the example, nine operational restrictions were considered to be 
relevant in each time period. The net returns equation is an accounting 
row used in connection with the "consume" activity (column 2, Table 3). 
The alternative activities allow resources to be expanded if they can be 
profitably used in the growth process. 
The annual requirements for the operating activity include I acre of 
land, 3.14 man-hours of labor, $18.1 I of capital, one unit of equipment, 
and one unit of investment in livestock and livestock equipment (column 2, 
Table 3). The net capital generated on an annual basis is $24.97. The 
coefficient of - $24.97, therefore, appears in the reinvestment capital 
row of the operating activity. A coefficient of - $24.97 also appears in 
the reinvestment capital row of production period 2. 
The function of al I coefficients in the reinvestment capital rows is 
to accumulate the amount of net capital generated. As an example, if 
$1.00 of capital is generated during or through the first production period, 
the amount of owned capital available at the end of the first production 
period is the $ 100 generated, plus the amount of capital owned at the 
beginning of the first production period. With $6,106 of owned capital 
avai I able at the beginning of the first production period, $6,106 plus 
$ 100 or $6,206 would be available at the end of production period I (this 
is the purpose of the $6, 106 coefficient in column I of the reinvestment 
capital row). With respect to the reinvestment capital row of production 
period 2, the amount of owned capital avai I able is any capital generated 
during production period 2, plus the amount of owned capital available at 
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the beginning of production period 2 (which, as noted above, was $100 plus 
$6,106 or $6,206). Therefore, the coefficients in the reinvestment capital 
rows of production periods subsequent to the ones where the activities ori­
ginate are only accounting procedures. 
Renting land is assumed to be an annual activity (column 5, Table 3), 
and any number of acres may be rented during any production period indepen­
dent of any other period. The purchase of an acre of land adds an acre of 
land to the land resource of the time period in which it is purchased and 
also makes the same acre avai I able in al I subsequent time periods. The 
market value of land is assumed to be $240 per acre, plus a $2. 00 land 
transfer fee unless otherwise specified. Therefore, the cash land buy 
activity (column 3, Table 3) has annual capital requirements of $242. The 
col lateral resource, which is used to obtain credit, is based upon the value 
of owned land. Therefore, buying land on a cash basis adds a value of $240 
to the col lateral resource. In terms of net returns, the cost of buying 
land on a cash basis is the transfer fee only because investments in resources 
such as land are requirements and in effect become income through inventory 
changes. However, In terms of net capital generated or reinvestment capital, 
(the reinvestment capital row of the production period) $242 is withdrawn 
from the capital stream as a result of the land purchase (see equation 4 
above). 
The alternative method of purchasing land, a real estate loan with 
payments amortized over a 33-year period (column 4, Table 3), requires 
equal annual installment payments. Part of the annual installment is applied 
to interest payments at 5 1/2 per cent and the balance of the installment is 
payment of principal. 
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Each installment payment is $16.05, which is the operating capital 
requirement for this land purchasing activity in each production period. 
In production period I, $13.31 is deducted from net returns by the activity. 
This is the a1TOunt of interest paid through the first production period if 
land is purchased through this activity. Notice that the deduction from 
net returns in production period 2 is less than $13.31. This results�because, 
as equal installment payments are made, the amount applied toward principal 
becomes greater and the interest payments become less. Since the loan is 
amortized over a 33-year period, deductions against operating capital, net 
returns, and reinvestment capital (net capital generated) are made in each 
subsequent production period. With respect to the reinvestment capital 
coefficients for this activity, the amount withdrawn from the capital stream 
in each production period is $16.05 which is annual installment payment. 
'--:::--... The coefficient in the reinvestment capital row of production period 2 is 
$32. 10. Half of this results from the accounting procedure explained above, 
and the other $16.05 is the capital withdrawal associated with the activity 
during the second production period. 
Much less than the current market price of farmland can be borrowed 
under existing 1TOrtgage lending practices: that is, the 1TOrtgage value of 
the land being purchased is only a fraction of the market value. However, 
it is corrmon practice for farm 1TOrtgage lenders to finance an arTOunt equal 
to the entire purchase price of the land if the buyer has additional owned 
land to offer as security. The amortized land buying activity involves this 
type of real estate loan. It requires that owned land be used to secure 
the real estate loan. The collateral requirements for this type of land 
buying activity is measured in terms of the current per acre market price 
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of land ($240 per acre). The col lateral or nortgage value of the land being 
purchased is assumed to be 46 per cent of its market value ($110. 42). The 
real estate loan for the purchase of I acre ($242), less the nortgage value 
of the land being purchased ($110.42), leaves $131.58 of additional security 
needed to meet the security requirements of the loan. Land a lready owned 
by the farm operator is assumed to have the same per acre nortgage value 
as the land being purchased ($110. 42 per acre). Therefore, the $131.58 
additional security requirements necessitate that nore than an acre of owned 
land be nortgaged to secure a real estate loan for the land buy activity. 
I n  terms of the market va lue of the land, this is equa l to $285. 53 required 
at the time the land is purchased. The security requirements for land pur­
chased through an anortized loan at a given time decreases in subsequent 
years. Security requirements decrease because annual principa l payments 
are made which, in effect, decrease the nortgage security outstanding. 
The principal payments represent a form of capital accumulation. 
The assumed level of family labor avai I able (1, 900 hours) and the 
starting level of owned capital ($6, 106) are arbitrary selections. The 
starting level of owned capital, in this case, was assumed to be gross 
sales forthcoming from the 426-acre farm, minus enterprise operating costs, 
overhead and machinery depreciation costs, and a family level of living 
expense. The starting level of collateral for purposes of obtaining real 
estate loans and borrowing operating capital is equal to the market value 
of owned land. The col lateral level avai lable at the beginning of the first 
production period Is a lso aval lab le in subsequent time periods if it Is not 
used to secure real estate credit in an earlier time period. However, the 
collateral level available or used in any time period can be greater or 
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less than the level of the preceding production period, depending upon 
the amount of land previously purchased (collateral value of land purchased 
or being purchased) and the level of real estate credit extended. 
I t  is assumed that the level of operating capital that may be borrowed 
annually is equal to 50 per cent of the market value of unmortgaged owned 
land. The model is constructed to insure the maximum amount of flexibility. 
For example, resource costs or capital requirements may be easily varied, 
col lateral requirements changed, etc. 
The buy equipment activity included in each time period (column 8, 
Table 3) ts required to account for additional equipment purchases and 
increasing overhead costs incurred when the farm size increases beyond 
700 acres of total land. The required additional equJprne�t purchase for 
each acre of land operated above 700 acres is assumed to be equal to the 
minimum average investment In equipment when the operation is 700 acres 
($6. 55). I t  is also assumed that the additional equipment is purchased 
through a 5-year amortized loan with annual installment payments equal to 
$1. 55. An annual depre�iation or maintenaance cost of $ 1. 15 wo�ld be 
associated with each additional unit (on a per acre basis) of equipment 
purchased. With the increase in overhead costs included in the buy equip­
ment activity, the annual capital requirements are $3. 95 (the total of 
$1. 55, $ 1. 15, and $ 1. 25). However, the total costs for the production 
period would not include the capital investment. Therefore, the reduction 
in net returns would be the total interest paid in purchasing the equipment, 
$0. 39 plus the annual charges for equipment depreciation ($ 1. 15) and over­
head costs ($ 1.25) which total $2. 40. Purchasing equipment during any pro­
duction period makes the equipment available in subsequent periods; however, 
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capital requirements in subsequent periods are equal to annual machinery 
depreciation, $ 1 . 1 5 plus increased overhead costs, $ 1 . 25, (column 9, Table 
3). 
The buy livestock a ctivity (column 1 0, Table 3) is formulated to pro­
vide for operation expansion. The average required per a cre investment -­
if operations are expanded -- is $5. 26. An investment in any production 
period makes the capital investment available in subsequent periods. The 
capital Investment is not a charge aga inst farm costs. Therefore, such an 
investment is withdrawn from the capital stream but does not deduct from 
net return s. 
Normally, some proportion of the annual returns from farm operations 
is spent or consumed in such a way that the expenditures do not represent 
reinvestment per se into the farm business. These expenditures may be 
considered a family living expense. For this reason, an annual capital 
withdrawal is written into the program nodel. This restriction specifies 
that $3,000 plus 25 per cent of the net returns be generated through farm 
operations and withdrawn from the capital stream annually. I n  addition to 
the $3,000 constant, a fixed cost of $ 1 ,532 is withdrawn as capital expendi­
tures for overhead and machinery depreciation costs. The fixed cost a ctivity 
(column 1 0, Table 3) is required to withdraw this capital in each production 
period. 
level. 
The activity is forced into each production period to the required 
Capital withdrawals of $3,000 and fixed costs of $1, 532 total 
$4,532; this amount is the level of fixed cost requirement in each production 
period. There is no farm cost associated with the $3,000 capital with­
drawal;  however, the $1 ,532 overhead and machinery depreciation cost are 
annual farm cash cost. Net returns are reduced by $0.34 for each unit of 
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the fixed cost activity which is forced to a level of $4, 532 to accoun t for 
the $ 1.532 total fixed cost in each production period. 
Since the con sumption function or capital withdrawal without reinvest­
ment into the firm is assurood to be $3, 000 plus 25 per cent of the net return s, 
the con sumption of 25 per cen t of n et returns activity (column I I ,  Table 3) 
is included in the model. The save capital activity (column 12, Table 3) 
is included so that an y savings (owned capital not used in the farm business 
during an y production period) may receive in terest or return s. 
The objective function shown in Table 3 assumes that net returns are 
to be maximized. The -$282.96 coefficient in the objective function of the 
amortized loan land buy activity (column 4, Table 3) is the total amoun t of 
in terest paid Con a per acre basis) over the 30-year plannin g  p eriod in the 
event land is p urchased this way during the first p roduction p eriod. The 
obj ective function coefficient of the buy equipment activity { column 8, 
Table 3) includes the smal I amount of in terest paid for p urchasing equip­
ment, but it also includes the depreciation and increased overhead charge 
for the 30-year plannin g  p eriod Con a per acre basis) in the event the size 
of operation exceeds 700 acres during the first production p eriod. Al I other 
objective function coefficients are self explanatory. 
Formulation Problems 
The re are man y limitation s with respect to this model. However, with 
the above firm growth framework, it is possible to discuss formulating p rob­
lems in their proper context. 
Starting Firm Situation 
The starting situation for an y specific an alysis wi I I ,  of course, depend 
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upon the prob l em to which the research is directed. tvbst l ike l y some typica l 
situation or  situations wou l d be se l ected for a given type of farm or farming 
area. For more basis research prob l ems a l inear program so l ution, as is the 
case above, might be a re l evant starting p l ace. A conceivab l e  starting 
situation might a l so be a farm operator with the abi I ity to operate a farm 
and nothing e l se. I n  this case, someone' s equity wou l d have to be made 
avai l ab l e in order that l and, machinery, and oth er inputs might be purchased 
for farm operation. Perhaps an advantage of a "dynamic" or growth situation 
is that, as the growth process unfo l ds, the situation at certain stages or 
points of time may represent different starting situations at the present time. 
Growth vs. Decision tvbdel 
The model presented above is a growth model rather than a decision 
rrcdel with respect to the organization of farm enterprises. The organiza­
tion of enterprises is assumed to remain in constant re l ationships as 
growth occurs. The effect of this type of assumption shoul d be eva l uated, 
for it seems l ogical that a growth model shou l d a l so be a decision model . 
A l so, certain prob l ems might require a decision rrcdel rath er th an a growth 
mode l . However, it is fe l t that the advantages of such a simp l ifying 
assumption compensate for th e l oss of general ity. This type of simp l ifying 
assumption may have much promise when working with prob l ems in farming 
areas where a high degree of specia l ized operations exist. I n  such areas, 
the opportunity costs of not producing a specific orga nization of crops and 
I ivestock suited to the area are quite high. Even if severa l types of 
organizations, perhaps with quite different capital requirements, are 
re l evant, severa l aggregated activities coul d be inc l uded in th e mode l  
ra_th er than a wide range of individ ua l enterprise activities wh ich comp l icate 
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the model and computing p rocedures. 
Relevant Criterion Functions 
Th e problem in an economic model of what shal I be the quantity to maxi­
mize or what shal I be the criterion function t s  not a new one. I t  would 
seem that this p roblem might become even more complicated in a growth rrodel. 
However, the problem of selecting a relevant criterion function for a growth 
situation may not be a forml dable one. The rrodel presented above, which 
depicts a 30-year planning horizon, was uti I ized to analyze the effect of 
criterion functions or management strategies on the growth process. I denti­
cal results with respect to growth and capital accumulation occured as the 
fol lowing criterion functions were satisfied: 
I .  Ma ximize the present value of net returns (6 per cent discount rate), 
2. Maximize discounted value of gross sales (6 per cent discount rate), 
3. Maximize undiscounted value of net returns, 
4. Maximize the level of owned cap ital at the end of the planning 
horizon, 
5. rviax t ml ze the level of land operated in the last production period, 
6. Maximize the level of land operated throughout the planning horizon. 
A criterion function of maximizing the present value of consumption (6 per 
cent discount rate) resulted In very similar growth process. Only the last 
production period was different, and the difference resulted from the way 
in which the problem was formulated. 
A criterion function of maximizing land investments resulted in a slower 
rate of growth than the above objectives because maximum net returns resulted 
from a pol icy of renting land only. Although the average cost of purchasing 
land (Interest payments over the 30-year planning horizon) was less than 
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rent i ng, the total cap i tal outlays fo r purchas i ng land ( i nte rest payments 
plus pr i nc i pal payments ) was h i gher and, the re fo re, resulted i n  s l ower 
growth rates and I ower tota I net returns . Howeve r, w i th th i s  obj ect i ve 
f unct i on, the opt i mum pol i cy was ach i eved through rent i ng land d ur i ng the 
f i rst half o f  the 30-year plann i ng per i od ( th e  same pol i cy that occurred 
w i th respect to the other c r i te r i on f unct i ons ) . Land pu rchases th en took 
place towards the end o f  the  plann i ng pe r i od .  
These results i nd i cate that the structure of  the f i r� w i th respect 
to reso urce rest r i ct i ons, alternat i ve methods of  expand i ng resou rce levels, 
consumpt i on req u i rements o r  cap i tul w i thd rav;als, etc .,  a re most i mportant 
w i th respect to cap i tal accumulat i on over t i me. The i mp I I cat i ons are that 
the env i ronment vJ i th i n  v1h i ch farm operat i ons occ ur tend to ove rwhe l m  spec i f i c  
operator obj ect i ves whethe r they be to rra x i m i ze ret urns, sales, farm s i ze, 
owned cap i tal o r  re i nvestment cap i tal, or even cons umpt i on .  Any o f  these 
ob j ect i ves, cr i ter i a, o r  cho i ce i nd i cato rs tend to max i M i ze cap i t al acc umu-
lat i on. S i nce there i s  but one max i mum rate, these obj ect i ves res ult i n  
the same cond i t i ons. The struct ure of  the system i s  the i mpo rtant factor. 
D i f ferent object i ves result i n  the same growth rates for the same structu ral 
relat i onsh i ps o f  the f i rm .  But d i f fe rent structura l realt i onsh i ps resu l t  i n  
very d i f ferent growth rates .  
Cap i tal Levels and Cap i tal Rat i on i ng 
The problem o f  what shal I be the start i ng level of  owned cap i tal i s  
not un i i ke the problem of  what shal I be the start i ng s i ze of  f i rm.  However, 
the matter 
because so 
other than 
o f  cred i t  use and cap i tal rat i on i ng i s  
ma n 1f a rm ope rato rs h a ve mos t  o f  t he i r 
I i q u i � cap i tal . 
prob ab I y mo re re I evant 
wealth t i ed up i n  assets 
Cap i tal rat i on i ng, i n  te rms o f  I i m i t i ng the level of  bo r rowed  cap i tal, 
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is restrictive on the growth process, but large differences in capital 
rationing may result in rela tively smal I differences in growth rates. 
Referring a gain to the Oklahoma study, when borrowed capital was restricted 
to half of its original level (from 50 per cent of the unmortgaged value 
of owned land to 25 per cent) , the growth process decreased within the 
30-year period by a bout 20 per cent, both in terms of land operated and net 
returns. Reducing the level of borrowed capital again by one-half or to 
one-fourth of its original level (to 12.5 per cent of the unmortgaged owned 
land value ) reduced growth by about one-third its original level. When 
capital use was restricted to owned capital only, starting with a level of 
$6, 106, the minimum specified level of consumption, $3, 000 annually, could 
not be met during the first 5-year period. I n  fact, capital wa s generated 
for a period of 10 years before enough capital was a vailable to opera te 
al I owned land, 426 acres. However, the growth rate increased quite rapidly 
during the last half of the 30-year planning period. The differences in the 
level of borrowed capital, on an a nnual basis, for the different capital 
rationing levels were $51 , 120, $25,560, and $ 12, 780. Over the 30-year 
planning period the total arrount of these differences were quite substantial. 
I n  considering capital use and capital rationing levels, the model 
used in any growth study should probably be structured in such a way to 
depict the actual credit restrictions imposed by credit institutions on 
the f l rm under investigation. The matter of internal capital rationing 
may then be approached by varying credit restrictions downward. �re wi I I 
be said about this matter later. I n  formulating a growth model it is 
important that col lateral or security be treated as a resource. This is 
a resource which should be utilized the same as  other farm resources. 
Considerable value may be lost if the resource is not uti lized. This is 
a point that economists tend to overlook probably because we think, or at 
least analyze, too much In a static framework. 
Capital Withdrawals 
Establishing the relevant levels of capital withdrawals in a growth 
model or with respect to growth research appears to be one of the more 
difficult formulation problems. Capital withdrawals here refers to Items 
such as consumption ( assuming that firm-household relationship is relevant) 
and income taxes. This represents capital that is created through the 
operation of the firm which is not reinvested Into the firm. I n  the study 
cited above the effect of higher consumption levels or capital withdrawals 
on the growth process was very significant. When consumption levels were 
increased from a minimum of $3, 000 annually to $3, 000 plus 25 per cent of 
the net returns, the growth process was reduced by about 56 per cent of 
its original level In terms of maximum acres operated and by about 39 per 
cent In terms of the present value of net returns. A consumption function 
equal to $3, 000 plus 50 per cent of the value of net returns reduced 
capital accumulation and growth further to about 61 per cent of its 
original level in terms of the present value of net returns. A consump­
tion function of $3, 000 plus 75 per cent of the net returns reduced capital 
accumulation further to 75 per cent of Its original level. 
Higher levels of propensity to consume increase consumption levels in 
the e�rly part of the growth period, but they restrict capital accumulation 
and result in lower consumption levels during the later years. With a 
propensity to consume not less than 75 per cent of the net returns, each 
year the growth process was restricted to such an extent that total consump-
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tion over the 30-year period were less than consumption, when the propensity 
to consume was I i mited to 50 and 25 per cent. A propensity to consume of 
75 per cent came close to effecting a non-growth situation. 
Another problem entirely, but one that represents the importance of 
capital withdrawals, is the difference in growth rate that occurred when 
additional land was purchased rather than rented. I n  the above analysis, 
land could be rented at a cost of $12. 00 per acre which required a capital 
withdrawal of $12.00 . Land could be purchased on an amortized basis at an 
average cost, which is interest payment (see the criterion function co­
efficient, Table 3), much less than $12. 00 per acre. However, the total 
capital withdrawal, which includes interest payment plus principal payment, 
is about $16.00 per acre. The difference in terms of capital withdrawals 
($4. 00 per acre) would amount to $2,000 on an annual basis if 500 acres 
of additional land were acquired. Under conditions of constant farm size, 
greater net returns would be associated with payments to purchase land 
(assuming other returns and costs are constant). I n  a growth situation, 
however, renting land, with lower capital requirements and higher costs, 
resulted in maximum returns over time because lower capital withdrawals 
al lowed the firm to grow larger and increased the volume of operations. 
The matter of capital withdrawals for income taxes is not difficult 
because we know what tax structures are like. The proper level of con­
sumption t s  a more difficult problem. One way to handle family consumption 
would be to break up the firm-family relationship and pay the operator a 
specific salary. This would be convenient, but would it be realistic? 
The importance of capital withdrawals has imp I ications with respect 
to criteria and choice indicators. Where capital withdrawals are signl fi-
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cantly different from costs, an obj ective of maximizing returns may not 
result in maximum capital accumulation . Under these conditions ,  a better 
criterion may be one that maximizes reinvestment capital .  
Risk and Uncertainty 
Research efforts should be directed towards evaluatin g credit use, 
resource investments, and capital withdrawals in the growth process within 
an environment of risk and uncertainty . The circumstances surrounding 
the use of these items are such that they may only be evaluated properly 
within this framework . Accordingly, it is important that methods of intro­
ducing risk and uncertainty into dynamic analyses be found. Stan R .  J ohnson 
wi I I show us an  effective way of introducin g the stochastic process in a 
I inear program model such as the one presented above. We can al I appreciate 
the doors that wi I I be open ed when we can assign probabi I ities to the growth 
process . 
�han ges in Technology and Pric�s 
The growth process is undoubtedly influenced by changes in technology 
and prices . This is a difficult problem to deal with. Even though the 
model presented above leaves much to be desired , useful information about 
the growth process can be gained simply by varying the cost (capital with­
drawal requirements) of inputs over time. The same is i"rue with respect 
to product prices and technology. Although I ittle is known about the future 
with respect to specific changes in technology , gen eral relationships 
between technological innovations ,  prices , and capital requirements are 
known or at least can be simulated. Simulating probable or possible 
changes over time could establish probable minimum and maximum growth 
rates over time. The divergence of these growth rates over time might 
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help to establish a relevant planning horizon . A more sophisticated 
model , which included the stochastic process , could give us a great deal 
o f  useful information . 
�lanning Horizon 
The problem o f  what the relevant planning horizon is with respect to 
a growth situation is a dif ficult one , because it is not unrelated to other 
dif ficult factors such as risk a nd uncertainty , changes in technology a nd 
prices , resource ratios , and perhaps the growth rate itself .  Due to the 
great uncertainty of  events a nd actions in the distant future , there is a 
tendency to emphasize the present and the years immediately ahead . However , 
the nature a nd characteristic o f  dif ferent types of  inputs should dictate 
generally the relevant pla nning horizon . A new and refreshing a p proach 
to the problem is that the relevant pla nning horizon should be solved for 
rather than  arbitrarily selected . Unti I a new a p proach is developed that 
solves for the optimal planning period , there is a need to test the economic 
importance o f  varying the len gth o f  the planning period . This can be easily 
done (with enough computer time) with only minor modification o f  our exist­
ing tools. 
Competition and Disequi I ibrium 
At some stage o f  our growth research , we must deal with the problem 
o f  competition among firms and disequilibrium . This problem is too important 
to disregard . It is very convenient to assume pure competition , but 
capital accumulation and firm growth suggest a situation other than equilibrium. 
Arrow presents a strong thesis that individual  firms , at disequi I ibrium , 
are in the position o f  monopolists with respect to an imperfect elasticity 
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of demand for their product . 13 The aggregate aspects of growing firms must 
be  considered . It is common knowledge that farm firms are growing both in 
product output and physical size . Also, land is not available for firm 
growth without competition from many firms for the use of land and other 
resources . Associated with this are the formidable institutional problems 
evolving from land ownership and the land market . Varying the price of 
land resources would tend to account for or give us some idea of the effect 
of competition and, to some extent, the institutional problems among farm 
operators for farm resources . These problems are of such importance that 
analyses should be undertaken to deal specifically with them and - to investi-
gate every facet of them . 
Use of Al I Techniques Applicable 
Although much has been said and written about capital accumulation and 
the growth process, few studies have attempted to analyze growth problems 
on a firm basis . We can, in the short run, merely hope to scratch the sur-
face in this very important area of research . A better knowledge of the growth 
process  is_ compatible with a better understanding of farm adj ustments in 
general . The limitations tend to be overwhelming , but progress is made 
only by doing something . 
Linear programming is a convenient framework for the growth model for 
it has al I the components of a growth situation . However, the use of al I 
l3Kenneth J .  Arrow, nToward A Theory of Price Adjustment, n The Al loca­
tion of Economic Resources . Essays in Honour of Benard Francis Haley";'1959 , 
PP:-4Y.:-5 1 .  For a discussion of these  matters and demand functions of competing 
se I I ers at di s equ i I i br i um , s ee Hans Brems , "Nonpu re Competet ion in Linear 
Programming , "  and Harold Dickson , ncompetition and Discontinuity/' �Jbney, 
Growth and Methodo I ogy , Hugo Hege I and (ed . )  CWK GI eerup Pub I i s h e  rs, Sweden, 
1 96 1 , pp. 36 1 -372 . 
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techniques in addition to and in combination with I inear programming is 
relevant to growth research . The  number of useful techniques and  approaches 
are I imited only by our imagination . 
In view of the many I imitations and lack of knowledge , growth research 
wi I I involve arbitrary selections of important variables with respect to 
the capital accumulation process . This approach wi I I be subj ect to criticism . 
However , critics should bear in mind that the arbitrary selections are as 
a process of simulation and should not be  interpreted as value judgments 
indicating what ought to be . Problems relating to the capital accumulation 
process are much too comp I icated to be  solved straightforwardly by the deduc­
tive process . The process may be approximated through a simulation technique 
which has met vii th much success in other scientific fie Ids and prob ab I y ho Ids 
much promise in the social sciences . 
The Perfect Model for Growth Research 
With this background material ,  it is now possible to contemplate the 
perfect model for growth research . It is a I ingamemarkemintransrecurcarloque­
uefeedup model which is somewhat of a f lhybrid; '  between several existing 
techniques . The model deals with random income generating variables and 
expected values in a stochastic process . It automatically considers different 
plan ning horizons for different types of inputs , and the model generates its 
own aggregation weights in order to compensate for changes in technology a nd 
prices. 
The timeliness of firm growth research brings to mind several elderly 
men who were always sitting around a pot-be t  I ied stove in deep East Texas . 
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There appeared to be not a care among them, for they sat rocking and whittling 
away day by day. The store's faithful old grandfather clock began to strike. 
It struck 13 times. One of the men got up, brushed himself off, straightened 
his chair and said, " I 'm going home; it's never been this late before." 
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OPERATIONAL GAMING AND SIMULATION AS RESEARCH AND EDUCATIONAL 
TOOLS IN THE GREAT PLAINS 
Odel I L .  \>t/alker* and Waymon A .  Halbrook** 
Impatience , dissatisfaction and distrust of purely static models 
as guides for analyzing farm decision problems in the Great Plains 
are evident in the fact that G . P .  2 exists and in past activities 
of the committee • .!.! Major emphasis of the committee has been on 
generating data describing the levels and variabi I ity of yields , 
prices and returns from individual enterprises . However , little has 
been done toward uti I izing these data in a framework which depicts 
the decision environment of Great Plains Farmers . Objectives of 
gaming and simulation activities , characteristics of such models for 
Great Plains problems , and examples of research and educational uses 
are presented in this paper . The objective is to provide ideas for 
Great Plains economics research suited to the environment in which 
decisions are made. 
Model bui I ding is not a. new concept in economics research . Thus , 
a shift from considering broadly defined and primarily static models 
*Professor of Agricultural Economics , Oklahoma State University. 
**Agriculture Economist , F . P . E . D . , E .R . S . , U . S . D . A.,  stationed at 
Stillwater, .Oklahoma . Oklahoma Department of Agricultural Economics No. 
659 presented at G . P .  2 Firm Growth Symposium , 1965 • 
..!!Great Plains Committee No . 2 was established in 1958 by the Great 
Plains Research Counci I.  The title of the regional project initiated at 
that time is "Organizing and Operating Dryland Farms in the Plains to Meet 
Variable and Changing Economic Condition . "  
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of firm behav i or to more deta i led, dynamic models or s i mulators does 
not require spec i f i c  emphasis .Y The two procedures cons i dered are 
s i mulat i on an d operat i onal gaming. In operat i on al gam i ng, a player 
makes per i od i c dec i sions an d responses through time within a simulated 
econom i c  problem env i ronment. I nteract i on of the human element, the 
player, with problem components i s  emphas i zed. S i mulation i s  a 
process of exper i mentation with a rrodel to determ i ne effects of 
d i fferent decisions by observ i ng the distr i but i on and level of 
results over time resulting from each initial decis i on. The in i t i al 
dec i s i on spec i fies a fixed strategy or set of strategies over t i me. 
Thus, the human input is predeterm i ne d  in s i mulat i on. I n  a broad 
sense, operat i onal gaming could be thought of as s i mulat i on in 
wh i ch the human element i s  part of the simulat i on. Gaming ten ds 
to emphas i ze educat i on an d research on the human factor i n  decision 
mak i ng an d s i mulat i on tests results of alternative cho i ces. Beyon d 
these po i nts, a f i ne I ine of distinction between the two processes 
is ne i ther necessary nor particularly desirable. 
Gam i ng and  S i mulation Objectives 
The foremost dec i sion i n  planning an d us i ng a s i mulator is not 
\vh ether it wi I I  be manual o r  mach i ne computed, ultra-real I ife or 
abstract, etc. , but what i t  w i  I I ,  should or can be designed to do. 
Success of the exerc i se depen ds on defining attainable and worth-
wh i le purposes or object i ves. These objectives gu i de construct i on 
an d admin i strat i on of the process. 
2/The model capable of q uant i f i cation and appl i cat i on i n  both gam i ng 
an d simulat i on i s  referred to as a s i mulator. 
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General educational objectives of operational gamin g are to 
develop abi I ities to (a) abstract, organize and use in formation from 
a complex decision environment ,  (b) forecast and plan , and (c) combine 
the role of generalist and specialist. �,bre specific applied objec-
tives might be to teach facts (e. g. potential levels and variabi I ity 
of yields or prices) , i I lustrate principles (e. g. maximize returns 
to scare resources) , derronstrate critical points in an nual or long 
run financing , show effects of initial resource position an d environ-
me nt on firm growth opportunities, provide experience in maintain-
in g and using records and accounts , an d ,  af ford examples of appl ica-
tions for economic choice guides in a real-world environment. 
Objectives of research uti I izing simulation have been to describe 
results of dif ferent operational strategies an d to order the strate-
gies according to outcomes , given possible objectives of a decision 
maker. 3/ Decision problems considered have contained time dynamics , 
deterministic changes in technology, technical production relation-
ships and  prices , and stochastic elements. Initial strategy choices 
can be guided by principles and concepts relatin g  to diversification , 
flexibi I ity , reserves , insurance , the firm-household complex and 
institutional constraints. Many problems which have or can be 
attacked are too complex for conventional (static) analytical tools. 
The possibi I ities of  using operational gaming in human and 
�anagement input research have not been fully assessed. Use of  the 
model to study the decision process , identify managerial objectives , 
test ef fects of training in economics and technical agriculture,  
3/C. F. Halter, A. N. and G. vJ .  Dean , "Use of Simulation in Evaluatin g  
Management Po I i c i es Under Uncertainty : App I i cation to a Large Ranch , "  
Journal of Farm Economics , pp. 557-573 , Aug. 1965. 
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relate farm management research results to farmer' s  knowledge, and 
attempt to measure managerial ability appears to be a distinct oppor­
tunity. The fact that operational gaming is a pleasan t experience 
to most participants might be exploited in obtaining information on 
a wide range of psychological and philosophical attributes. 
But I ding �  Simulator 
The objectives provide the general guide for design and should 
determine the level of management, kinds of decisions, economic 
conditions, periods simulated , knowledge situation assumed, an d com­
putational method. I n  the simple game discussed here (Appen dix A> , 
we wil I assume the fol lowing teaching objectives: 
Cl) Develop ab l I ities for analyzing income obtainable from 
different I ivestock enterprises. 
(2) Prepare the studen t for instruction on sources of varia­
bl lity in returns and costs and use of strategies such 
as diversification . 
(3) I I lustrate problems of firm growth with uncertain income 
and a low initial capital position. 
(4) Teach procedures for evaluating an d attaining  multiple 
firm obj ectives under resource an d personal  constrain ts. 
(5) Provide elementary farm managemen t experience using a 
simple model with as much verisimilitude as possible. 
Gaming forces careful preparation . I f  we approached each class 
lesson as systematically (and spent as much time) , al I tea ching would 
be vastly improved. 
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For a class room or exten sion meeting, h an d calculation may be 
th e only alternative. Elaborate computer games are n ot th e obj ective, 
but a mean s of attain ing objectives. However, the obj ective of fami I -
iarizing students with computer capabilities surely is relevan t to 
educational needs. As beginners, we probably sh ould bui I d  our rrodels 
as simply as possible and in crease th e complexity on ly as n ecessary 
as we add addition al economic concepts and obj ectives. 
Th e Mathematical Model 
Th e game requires decisions on th e number of steers an d h ogs 
to produce. Two-h un dred acres of corn are produced for feed or sale. 
Corn appears out of place in a game for the Great Plains. However, 
in an education al game, use of enterprises somewh at foreign to th e 
participants avoids attempts to translate data used in th e game into 
general facts. Th e obj ectives h ere relate to con cepts rath er than 
empirical facts about particular enterprises. 
Formally, th e production or return s function s for each enter-
prise are as fol low: 
( I > 
CORN : 
� =  
= Ye+ Syc Xi+ b1 (Tj - T0 ) ,  wh ere: 
= corn yield under th e 1 th production con dition an d in th e  j th 
decision period; 
average corn yield; 
Syc = Standard deviation of corn yield; an d, 
Xi = A standard n ormal deviate with in a specified range, representing 
a set of conditions leading to yields varying about th e means. 
= A t rend coefficient for corn yield over time. 
= Time Cj = 1---N) . Th us, CT . - T )  provides a period count 
J O 
(by years) for use in adj usting yield th rough time. 
The corn equation is written  gene rally enough that it is adaptable 
to a compute r routine. In a compute r  routine , X would be drawn ran-
domly from an appropriate distribution. In this game, b1 = O, only 
th ree Xi are considered, Ye = 50, Syc = 12. 5. The probabi I ities for 
Xi are P C-2) = .25, P CO ) = .5 and P (2) = .25. Othe r  probabilities 
(distributions) could be used and effects of fe rtilize r strategies 
added. The function reduces to a simple description for game admin-
ist ration. Possible corn yields are 25, 50, and 75 bu. pe r acre with 
probabilities of .25, .50, and .25, respectively. 
Corn can be sold for $ 1 .00 per bushel, if not fed. Additional 
corn can be purch ased for $1  .20 pe r bushel. Annual cash production 
cost s for corn are $ 15 pe r acre ($3,000 pe r year ) . 
STEERS: 
(2) Rsi = Pssi Gi + CPssJ -
Psbi> W - Vi, where : 
Rsi = return per steer under i
th production and economic condition; 
Gi = Gain unde r the i
th condition; 
P
SS j 
= Selling price of steers unde r the 1 th condition; 
Psbj 
= Buying price of steers under the 1 th condition; 
W = Initial weight of stee rs purch ased (assumed constant ) ;  and, 
Vi = Othe r  cash production costs under the 1 th condition. 
The return is the residual afte r  cash costs are paid, fol lowing 
procedure used in partial budgeting and linear programming. One or 
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a combination of different Psb · ' Pss · ' Gi, and Vi can cause a varia-I I 
tion in R . The function indicates data needed to bui Id realistic 
Si 
games and identifies research gaps . Hopefully, past work of G. P. 2 
wi I I p rovide some of the data . 
Each variable in the steer equation should be further specified . 
For examp I e, the form of P b might be : s . 
I 
( 3 )  psb 
= PS Is + Xi SS ( PS Is >  + b2 C T · - T ) where : J 0 
Ps = long term average steer p rice ; 
Is = seasonal index fo r steers for the rronth purchased ; 
Ss = standard deviation of the seasonal index for steer p rices ; 
X · = standard normal deviate with a specified range ; and, I 
b2 = a trend coefficient for steer p rices. 
Again, a variety of distributions could be used. Cor relations 
between variables , conditional p robabi I ities, joint p robabi I ities, 
cycles and specific sequences could be included · to increase real ism 
and teach additional concepts . The form of Vi wi I I be particularly 
important. Effects of individual animal pe rformance, qua I ity of 
hired labor, management, disease, transportation problems, and even 
stocking rates could be handled within the equation fo r Vi . 
For the manual game, al I data are summarized into three outcomes , 
$25/Steer, $50/Steer, and $75/Steer w i th probabi I ities of . 25, . 50 ,  
and . 25, respectively .  Steers require 40 bushels of corn per head. 
Bui I dings and equipment are avai I able for 1 00 steers per year but 
pasture avai I able wi I I handle 200 steers . To expand steers, invest-
ments in buidlings and equipment would cost $40 per head. 
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HOGS : 
The hog returns function is similar to that for steers . Returns 
per I itter and probabi I ities are : P C $140 ) = . 1 0, P ( $150 ) = . 80, and 
P ( $160 )  = . 10. Thus, hogs are depicted as a rrore stable source of 
income than steers. Hogs require 120 bushels of corn per I itter. 
Labor I imits hogs to 50 I itters. No hog faci I ities are available 
but can be added for $ 1 00 per I itter. 
Other Data and Conditions --- --- -- -----
For simplicity, additions to steer and hog faci I ities must be 
paid out of returns in the year added. No additional operating costs 
are included exp I icitly. However , the Vi in each livestock function 
could be assumed to include a charge for equipment maintenance and 
depreciation. Alternatively, a bui I ding and equipment cost function 
easily could be constructed to include a more usual loan amortiza-
ti on procedure . 
Decisions on numbers of steers and hogs must be made before corn 
yields or I ivestock returns are known. Steer numbers can be varied 
in 25 steer units and hog numbers can be varied in five I itter units. 
The latter restrictions faci I itate hand calculation, but could be 
attributed to lumpy hog and steer equipment purchases . 
Managerial Objectives 
The objective of the manager of the farm is ( I ) to maximize net 
worth , subject to (2 )  survival in the short run . To survive, accu-
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mulated profits cannot drop below -$5000. Family living expenses 
of $5, 000 must be paid each year along with $3,000 for corn produc­
tion and $1, 000 non-deferrab le overhead farm expenses. Thus, a tota l 
of $9, 000 plus corn purchases and building and equipment invest-
ments must be subtracted from receipts. The remainder is the quantity 
to be maximized over the period simulated. The va lue of new buildings 
and equipment ts added to accumu lated returns to compute gain in net 
worth at the end of the period simulated. 
Game Administration 
The bri et i ng for. game p I ay shou I d  inc I ude a statement of obj ec­
tives, a problem orientation, an explanation of forms used, and some 
practice in carrying out requirements of the game. The potential 
value of the exercise can be lost immediately if procedures and 
data are not understood. I f  possib le, materials should be handed 
out wel I In advance of play. Experiences of the authors to date 
suggest that a traditional farm management budgeting or linear 
programming exercise should precede the game so that participants 
are thoroughly familiar with the economic relationships involved. 
The challenges of identifying the role of specific economic 
concepts tn guiding p lay of a game and providing experience in 
applying concepts studied in lecture sessions wi I I be as instruc­
tive to teachers as to students. 
The briefing lays the foundation for attaining obj ectives. 
For example, one obj ective of the game discussed here is to prepare 
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students in an advanced farm management class at Oklahoma State 
University for class discussions on variability of costs and returns. 
A smooth transition is desired from using normal or average enter-
p rise budgets in whole farm budgeting exercises to recognition of 
potential variation in yields, inputs, costs and returns and con­
sideration of p lanning strategies under imperfect knowledge. The 
intent is to add such knowledge without destroying confidence in 
approp riate uses of "normal or average" concepts in farm p lanning. 
During the briefing, the mathematical roc>del for the game can 
be used to introduce roc>st of the relevant concepts. In addition, 
the game p rovides a familiar reference for later discussions. 
For example, average corn yield, Ye, in Equation C l) is easily 
identified as the normal crop yield used i n  enterp rise budgets. 
Using the p robabilities of Xi, it is verified as the expected yield 
over time, excluding trend. Other terms in Equation ( I) intro­
duce two sources of yield variability or change. The set of 
natural conditions leading to variati on of Ye and surrmarized in 
X should be discussed. The trend term introduces an analysis of 
yield changes over time. 
Equation (2) emphasizes that gain (Gi), difference between 
sel I ing and purchase p rice C Pssi - Pss; > , and other cash costs C V ; > 
are key factors affecting returns. Given the assumed levels of corn 
p rice and p roduction cost, the relationship of allowable livestock 
p rice ma rgins to the p rice level can be i I lustrated. Price season­
ality, variations in seasonality and trends also are introduced in 
46 
Equation ( L ) .  As indicated earlier, opportuniTi�s for analyzing 
variation I n  Vi are exTensive. 
Tne amount of oricnTation depends on objectives of the game. 
I f  one objective is to test performa,,c� of the p I ayers, I ess guidance 
would be given. Similarly, if daTa used are on l y  examples of 
re I at i onsh i ps, I ess emphasis on fac-i-ua I content is required than 
would be the case when empirical facts are to be taught. One 
criticism of games tried at o. s . u . is welcotrl(,d by us---" other 
important relationships should have been included such as---." Such 
a comment indicates the interest and thought stimulated in the 
game. Unless we have led a participant to expect too much, he wi I I 
recognize opportunities to add other environmental conditions with 
no serious damage to the game activity. 
Educational Opportunities - � Summary 
The model bui I ding phase of operational gaming is a major con­
tributor to education of the teacner, research worker and student. 
The model provides a way to stimulate interest and approach real ism, 
while teaching principles of management and economic organization. 
Bui I ding a simulator requires disciplined development arid appl ica­
tion of a variety of facts and concepts. Many decision problems 
under imperfeci knowledge cannot be adequately considered, much less 
solved, without intensive attention to model bui I ding. 
The university classroom is ideally suited to use of opera­
tional gaming. The game provides a way to critique student perfor­
mance in applying knowledge concerning planning under uncertainty. 
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We hope to use the tool in the Olkahoma State University High 
School Farm Management Contest . Simple games can be used to ii lus­
trate modern management principles to audiences such as civic clubs. 
Extension applications wi I I undoubtedly stimulate interest. How­
ever, many extension c lasses need preparation in theoretical areas 
before the "game" becomes much more than a game. Even in very 
simple games, the mechanics of computations can rapidly overshadow 
objectives, analysis of data and application of planning principles. 
Thus, tables should be provided to reduce the computational burden. 
Research Opportunities 
Research is stimulated and faci I itated by the farm simulator. 
Examples of research suggested by the game discussed here are : (a) 
generate data for constructing the returns equations for steers 
and hogs (e.g. input, gain and price relationships, correlations, 
joint distributions and variance); Cb) compare alternative strategies 
for obtaining firm growth; and, (c) estimate minimum levels of 
resources required for firm survival and growth. I n  each case cited, 
the need for data or knowledge is discovered as a result of attempting 
to bui I d  and play the game. 
The fol lowing traditional analysis of the decision problem posed 
in the sample game ii lustrates potential research contributions 
of the simulation technique. The average corn yield-livestock 
relationship is 1 0,000 � _40S + 120H, S = Steers and H = Hogs. 
Average returns for steers are $50-$40 = $ 1 0.00 with owned corn and 
$2.00 with purchased corn. Returns are $30 and $6.00 for hogs. 
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Thus, returns per unit of corn are equal. I f  we assume that depre­
ciation on facilities is included in the annual cash cost, the long­
term solution would be to have 200 steers and 50 litters of hogs. 
Capital for additional facilities would be $9 ,000 and returns above 
cash, overhead and living costs would be $3, 700 . 
This result is very similar to the I inear programming results 
we publish. Simulation ii lustrates that this result may be of little 
value to a farmer who must accumulate capital to reach the plan under 
constraints specified in the game. We could add to our traditional 
analysis by specifying the range of returns from the optimum (-$7,800 
to $15,000) and alternative plans. Another cornt'TK)n approach, is to 
specify optimum plans for different conditions. However, we can 
say little about how the farmer chooses a plan. Impacts of high or 
low enterprtse returns or yields cannot be analyzed without examining 
many possible sets of returns over time. 
Research with the sample simulator can answer a number of 
questions ignored by the static analysis. For example, what would 
happen if the farmer planned for the lowest corn yield and fed as 
many hogs as possible with that amount of corn? The research pro­
cedure for answering that question would be to repetitively play 
that strategy over a number of decision periods and samples of 
conditions and evaluate the results. Other questions are: What 
if the farmer (a) plans for the highest corn yield, Cb) j umps im­
mediately to the optimum long-run plan, or Cc) mixes hogs and steers 
in various ways? What l evel of accumulated capital is necessary to 
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withstand  poss ib le evc.nts ?  Ques tions rela ting to the l argely u nde-
ve l oped area of firm grow tn are n umerous .  For examp l e, h ow many  
years wou l d be required to reach the LOO s teer - 50 I itter leve l ,  
given alterna tive strategies , differen t condit ions an d the initia l 
capita l pos ition ? 
Th e game a nd  simulations ana l ys is als o  migh t b� used  to in ves ti-
gate th e a cceptance and  u nders tanding  of farm man agemen t res earch . 
I t  migh t exp l ain divergen ce between our L. P. answers and  p l ans  
observed in operation . I f  th is divergence is primarily a time lag, 
s imulation migh t provid� kn ow l edge needed to sh orten the time lag. 
Ana l ysis oriented to stu dying  management ( h uman in teraction 
with in t 1 h:; s imulator) ear l ier was mentioned as a possib i  I ity. Do 
experien ce, educationa l backgrou r , a ,  age, fami l y or rea l I ife eq uity 
affect the wa y participa nts p l a y the gam2 ? \tJhat  types of in divid ua l s  
are mos t  su ccessfu l in p l aying?  Do economics, business ,  anima l 
scien ce, or agricu l tu ra l  economics backgrounds  affect un derstan d ing  
and  p erforman ce? Do p rofess iona l gamb l ers ,  misers ,  conserva tives, 
liberals, etc. play differently? Is learning accelerated by use of 
the game? Are there rational strategies for play (decision making) 
not perceived in economic th eory?  Problems of experimentation with 
s imulators to answer these questions are numerous, but, hopefully, 
s urmountable. 
Conclusions 
The fol lowing tentative conclusions or h ypothes es are advanced 
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for con s i de rat i on. 
( I ) Management games bu i  I d  student i nte rest . Howeve r ,  s uccess 
i n  teach i ng man ager i a l  p r i n c i p l es depends on the sk i  I I of the game 
bui I der and  adm i n i strator. The game must have we l I def i ned object i ves. 
(2) The s i mu l ator i s  a va l uab l e  mode l an d tra i n i ng dev i ce for 
the researche r and educator. I t  forces i n vest i gat i on of the dec i s i on 
env i ron ment dur i n g  bus i ness growth and  th rough t i me. I t  i dent i f i es 
i mportant deci s i on a l te rnat i ves. Th rough games , speci a l i sts i n  a 
va r i ety of f i e l ds may f i nd  a common groun d. 
(3) Actua l exper i en ce i n  bu i  I d i n g  an d expe r i ment i n g w i th games 
rather than i n he r i t i ng a computer game and  b l i n d l y us i ng i t  i s  needed, 
gi ven the p resent state of know l edge and  deve l opment. 
(4) Si mu l at i on research on effects of a l te rnat i ve strateg i es 
for a dynam i c env i ron ment wi I I be p roduct i ve i n  the Great P l a i ns .  
(5) Si mu l at i on or operat i ona l gam i ng may afford a fresh ,  pro­
duct i ve techn i que for managment i n put research. 
(6) Farm management research such as G. P. 2 as conducted t n  
the past i s  needed to p rovi de the data for bu i l di n g s i mu l ators. 
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Appendix A 
Ok l ahoma Fann Management Deets I on Game No. 11 
I .  You are owner-operator of a 200-acre farm. The on l y  crop that 
you can grow I s  corn. The average yle l d I s  50 bushe l s  per acre , 
varying from 25 to 75 bushe l s , The probabf l lties of various 
yte l ds are: 25 bushe l s  - .25 , 50 bushe l s - . so , 75 bushe l s  -
.25. C-orn not fed to l ivestock I s  so l d at $1.00 per bushe l .  
I f  l ivestock requirements exceed production of corn, corn must 
be bought at $1.20 per bushe l .  
2. You have bull dlngs and equipment for 100 steers per year but 
pasture for 200 steers.  Steers require 40 bushe l s  of corn per 
unit. To expand steers , I nvestments I n  buil dings and equip­
ment wou l d cost $40 per head. Net returns and the probabl l ltles 
of various net returns from steers are: $25 - .25 , $50 - .50, 
$75 - .25. 
3. A hog actlvlty can be added by I nvesting $100 I n  bui l dings and 
equipment per l ltter. Hogs require 120 bushe l s  of corn per 
l ltter. Labor l imt ts hogs to 50 l itters. Net returns and 
probabil ities of returns are $140 - .10, $150 - . so , $160 - .10. 
4. Decisions on number  of hogs and steers must be made before 
y i e I ds or I I vestock p rl ces are determi. ned. The number can be 
varied each year in 25 steer units or 5 l itter units. I nvestments 
to expand l lvestock must be made out of profits. 
5. Production costs for corn are $3, 000. Other overhead farm costs 
are $1, 000 and famil y l iving expenses are $5, 000. Hence, a 
minimum of $9, 000 must be earned each year. The remaining 
earnings are profits. 
6. The objectives are: C l ) Maximize net worth, s ubject to (2) 
survlval I n  the short run. To survive, accumu l ated profits 
cannot drop be l ow -$5, 000. (New faci l ities are added to net 
worth at the end of the simu l ation period.) 
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Tota l Q:>rn Product ion 
Y i e l d  
25 
50 
75 
Q:>rn 
No. 
25 
50 
75 
1 00 
1 25 
1 50 
1 75 
200 
Bushe l s  
5 ,000 
1 0,000 
1 5 , 000 
requ i red 
Steers 
Bushe l s  
1 , 000 
2 ,000 
3,000 
4 ,000 
5,000 
6,000 
7,000 
8,000 
Rece i pts 
Steers 
No. $25 $50 
25 625 1 , 250 
50 1 ,250 2 , 500 
75 1 , 875 3 ,750 
1 00 2 , 500 5 ,000 
1 25 3 , 1 25 6, 250 
1 50 3 ,750 7, 500 
1 75 4 ,375 8 , 750 
200 5 ,000 1 0, 000 
DATA FOR CO"f>UTAT I ONS 
Hogs 
No. Bushe l s  
5 600 
1 0  1 , 200 
1 5  1 , 800 
20 2 ,400 
25 3,000 
30 3,600 
40 4, 800 
50 6,000 
Hogs 
$75 No. $ 1 40 $ 1 50 $ 1 60 
1 , 875 5 700 750 800 
3,750 1 0  1 ,400 1 , 500 1 , 600 
5 ,625 1 5  2, 1 00 2,250 2 ,400 
7 , 500 20 2 ,800 3,000 3,200 
9 ,375 25 3, 500 3,750 4, 000 
1 1 , 250 30 4 ,200 4 ,500 4, 800 
1 3, 1 25 40 5 ,600 6,000 6,400 
1 5 ,000 50 7 ,000 7, 500 8 ,000 
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Summary - Game No. 1 1  Team :  
Year 
z 3 4 5 6 
Deci s i ons : 
No. of Steers 
No . of Hogs 
IRew Fae i 1 1  fl es :•  
Steers 
Hogs 
rDccurances : 
Corn Y i e l d  
Return/Steer 
Retu rn/LI tter 
ICorn : 
Produced 
Requi red by L. S .  
Sa l es ($1/bu . >  
Purchases C $1 . 20/bu . ) 
New F ac I I I t I es c.;os t : 
Recei pts : 
Steers 
Hogs 
!Corn T 
Tota l Rece i pts 
Total Rece i pts Less 
New Fac i l i t i es Cost 
Summa ry :  
F i xed Cost and Fam i l y  
L i v I ng Expenses 
Net Annual Return : 
Accumu l ated Return : 
* New fac i l i t i es a re a funct i on of steer and hog dec i s i ons . 
t Add corn sa l es or  subtract corn purchases . 
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SWEDISH EXPERIMENTS IN PLANNING FOR ECONOMIC GROWTH OF 
AGRICULTURAL FIRMS I/ 
By 
UI f Renborg 2/ 
INTRODUCTION 
The Swedish work in this field has its roots tn a ten year 
Interest in planning problems of the individual agricu ltural firm. 
During the last two or three years our Interest has focused m:>re 
consciously on the obstacles to profitable growth of firms and on 
p l anning for their long-run economic growth. 
We have had four starting points when Intensifying our studies 
tn this direction: C l) an awareness of our poor knowledge of the 
growth problems of the agricu ltu ral firm, (2) the practical experience 
that large farms are general ly m:>re profitable than smal I ones and 
the knowledge that not only size itself but also the growth process 
per se affords economic advantages, 3/ (3) the fact that ff he wants 
to be successfu l on a fu l ltime basis the farmer wil I have to increase 
his Input of capital  progressively over time; this prediction ts 
based on neo-classtcal marginal analysts and on the fact that economic 
progress general ly lowers cap Ital/labor price ratios, thus favoring 
substitution of capital for labor, and (4) the unsatisfactory way 
I/Research work reported tn this paper ts the preliminary Information 
of a proj ect under way at the Department of Agrtcu ltural  Economics at the 
Agrlcu ltural  Co llege of S weden tn Uppsala, Sweden. The proj ect uses a 
team approach under the chairmanship of the author. Other participants 
are agr. Ile. Berttl J ohnson, agronom Erltng S koglosa and agronom Ro lf 
O lsson. 
2/Professor, Department of Agricu ltural  Economics, Agricu ltural Co llege, 
UppsaTa, Sweden. 
�Penrose, E.: The Theory of t he Growth of the Finn. Oxford 1 959. 
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in which our planning rrethods are today used in practical planning 
on the micro level--as a rule the practical planning is aimed rrore 
at finding the best possible plan within now avai I able resources than 
at the rrore important goal of building up a plan which gives the best 
possible basis for future developrrent or growth. 
1963. 
Our Swedish experiments can be divided into four groups : 
C l) Studies directed toward identifying the factors which hamper 
the growth of individual agricultural firms. These problems 
have been analyzed on a preliminary basis in a regional 
study involving planning for ten pilot farms in northern 
S weden in 1956-60 and on a country-wide basis in a study 
on ways of increasing the efficiency of Swedish agriculture 
published in 1963.4/  M::>re intense studies of this problem 
were started in the spring of 1964 with a number of student 
papers based on field work in two different parishes in 
middle Sweden. Further, two master's theses on this pro­
blem are under way. 
(2 ) A systematic search for relevant planning rrodels, which 
has been going on this winter (1964 /65) and has resulted 
in a I ist of literature. 
(3) The construction of a work sequence for practical planning 
for growth of the _agricultural firm. A pre I iminary version 
4 /Det svenska lantbrukets effektiviseringsvagar. SOU 1963: 66. Stockholm 
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of such a work sequence is appended to this paper, as a 
basis for discussion. 
(4) Planning experiments involving practical testing of proposed 
work sequences. As yet only one experiment of this type 
has been carried through. 
In this paper I wi I I discuss our work up ti I I now under three 
headings : Growth problems of the agricultural firm, Proposed planning 
models, Work sequence for practical planning. We are in our work 
focusing the interest on long-run planning for growth, for those cases 
where the farmer is aiming at a ful I-time j ob on the farm. Our studies 
do  not deal with farmers who are unwilling to expand or with part-
ttme farmers. 
GRCJNTH PROBLEMS OF THE INDIVIDUAL AGRICULTURAL FIRM 
At this preliminary stage the growth problems of the individual 
agricultural firm can be summarized under five headings : Cl) The 
goals the farme r has for his economic activity, (2) The acquisition 
of monetary capital (or funds) necessary for growth, (3) The acquisi­
tion of farm land, (4) The increasing risk and uncertainty connected 
with the growth process, (5) The farmer's lack of knowledge. 
These problems wi I I be dealt with here insofar as we think it 
possible for the farmer or the planner to take them into account. 
Other measures which might be taken by the public or another group in 
society to make the growth  problems easier to solve, wi I I not be 
dealt with. Examples of other measures are tne easing of credit 
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faci lttf es for growth, changes in Institutional patterns to increase 
the s upply of agrtcu ltu ral land, credit plans for easing liqul dtty 
prob l ems of growing  firms , greater funds for schoo ls and extension 
service to increase the know ledge of the farmers , etc. 
Prob lems Related to the Goals of the Farmer 
In ou r work, we regard it to be a fact that the goals of farmers 
generally are not clear ly expressed. It is therefore difficu lt to 
get c lear and concise answers as to the more relevant goals .  W e  also 
think that the goals set by farmers are in fact multiple. This means 
that a naive profit maximizing nodel ts a poor description of an 
agricu ltural firm. 
Another ass umption ts that the goals held by farmers more often 
are of the ty pe ''want to be ful I-time farmer, "  "want to earn a reason­
ab le income" than of the extreme economic-man type "wish to earn as 
much money as I can with ITT'{ ability even if this means that I have to 
quit farming. " Many farmers accept considerab ly lower incomes than 
other groups before they cease farming. 
Stil I another relevant observation is that goa ls often Include 
elements which � priori exclude some production branches ("don' t 
like pigs , "  "hate sheep, " etc. > and that farmers seldom aim at 
expansion. 
Within the set of goa ls held by some Swedish farmers ts the aim 
of bef ng " free from debt" when they retire or at least press down 
the debts as much as possib le before that time. Obviously this can 
be an important obstacle to growth. 
58 
As mean i ngful plann i ng i s  i mposs i ble w i thout a clear concept 
of the goals to be reached , the planner may encounter d i ff i cult pro­
blems i n  the i mportant f i rst step of f i x i ng relevant goals . We have 
i n  our rrodels held to the fol low i ng three po i nts : 
I .  That some goals must be establ i shed although i t  i s  d i ff i cult 
to relate them to those held by the farmer . These i n i t i al 
goals can be rev i sed dur i ng the course of the plann i ng but 
they must always be spec i f i ed to beg i n  w i th .  
2 .  That we cannot at each plann i ng rroment ask the farmer for 
the goals he holds. We have to bu i ld up a normat i ve plann i ng 
system consc i ously a i m i ng at the growth of the f i rm and 
guarantee i ng as far as poss i ble the m i n i mum growth needed 
to ma i nta i n  or i ncrease the capac i ty of the f i rm ,  so that 
the long-run i ncome goal of the farmer can be ach i eved. 
At least we want to be able to i nform the farmer about 
the growth rate and the long-run i ncome obta i nable 
over a spec i f i ed plann i ng per i od. 
3. That a number of goals often have to be fulf i I led at the 
same t i me. The var i ous elements of th i s  set can be d i rectly 
related to the growth problems to be dealt w i th here and/or 
to spec i f i c goals held by the farmer i rrespect i ve of the 
growth aspect of plann i ng. 
Problems Related to the Acqu i s i t i on of Funds Necessary for Growth 
In the Swed i sh sett i ng three i mportant problems can be related 
to th i s  aspect of the growth of farms. Prov i ded that cap i tal can 
59 
be borrowed at some price the three p rob I ems are: 
I. The farmer does not always have the debt free liquid funds 
necessary to start a farm on a good basis for future devel­
opment. The minimum amount of equity capital of course 
differs between countries, price situations and type of 
farms. 
2. Because growth of firms is a continuing process, the total 
amount of capital necessary increases over time. Then 
the growth process must include the generation--within 
the firm itself or from outside sources--of capital, which 
can be successively reinvested in the farm. This is 
necessary to make it possib le for the farm to p ay at any 
future point in time an income comparab le to th e steadily 
rising income of persons working in other sectors of the 
economy. 
3. Unwt I lingness of many farmers to increase their relative 
indebtedness can be a serious drag on the increase of 
farm size. The existence of this obstacle has to be 
ascertained in al  I p lanning for growth. 
Problems Related to the Often Necessary Acquisition of Land for Growth 
The lack of land tn the market is very often an important obstacle 
to growth tn the Swedish setting. The high demand for additiona l 
land t s  based on its high marginal product and on speculation tn rising 
land values. At the same time the market sup p ly of land is low either 
d ue to the fact that land, especially close to big cities, is looked 
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upon as a good Investment although not used at al  I for the time being, 
� due to the fact that many old farmers with low alternative value 
on their labor remain on too smal I farms and thus wl thhold land from 
the market. I n  Sweden the acquisition of land is also complicated 
because farms are often so small that several must be added together 
to get a reasonab le size. As neighboring farms are rarely put on 
the market at the same time the growth of acreage is often costly 
as the successive adding of farms requires successive adj ustment. 
Satisfactory solutions are difficult to find for the farmer willing 
to expand his acreage. From the individual farmer' s  point of view 
it Is only possible either to rrove irrvnediately to a larger farm or 
to Investigate his neighborhood as to when neighboring farms may be 
put on the market. Unti I they are availab le, he can only increase 
his preparedness to buy land if and when this Is put on the market 
In the Indefinite future. 
Problems Related to the I ncreasing Risk and Uncertainty Connected 
With Firm Growth 
I ncreasing size of farms often means an increase in the absolute 
value of the yearly variations in gross income due to price and yield 
variations. I f  the growth ts financed through borrowed l'TK)ney, which 
requires yearly redemption and interest payments, these variations 
in gross Income have increasing effects on the family income which 
Is an ever sma ller part of the gross income. This then means that 
plannlng for growth must Include a close watching of the liquidity 
of the firm. otherwise the growth process may be blocked by sudden 
drops in gross income. 
6 1  
Problems Related to Lack of Knowledge 
Lack of knowledge on adjustment and growth problems and on 
relevant production possibilities can seriously hamper the growth 
of indivtdual firms. However, In the Individual case the only 
possl bi I tty is to adjust the long-run plans for growth to the level 
of knowledge which the farmer can be expected to reach during the 
planning period and to remember that increase of knowledge always 
costs money. Even after acquiring this knowledge there wi I I remain 
the lack of knowledge just mentioned. 
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AVA I LABLE MODELS FOR LONG-RUN PLANN I NG FOR GROWlti 
OF THE AGR I CULTURAL Fl RM 
The Genera l P l ann i ng Mode l 
We are i ndebted to Er i k Johnsen5/ and J an Odhnoff� for the 
genera l nx:>de l that wl I I  be used i n  our p l ann i ng procedure .  I n  our 
I nterp retat ion of these authors the genera l mode l cons i sts of the 
fo l l ow t ng sub-mode l s :  
C I >  A sub-mode l ,  M, deser t  b i ng the goa I s  to be fu  I fu 1 1  ed.  
(2 )  The base s ub-mode l ,  G, t nc l ud l ng the funct i on i ng of the 
f i rm, K, and the act i v i t i es to choose among, A 
( 3) A seek i ng  p rocess , S 
( 4 )  A process o f  adaptat ion o f  standa rds , N,  re l ated to the 
goa l s  
The mode l M descr i b i ng the goa l s  to be fu l f l l l ed w f l l  p referrab l y  
be o f  the sat l s f l c f ng rather than o f  the opt i mi z i ng type . Th i s  
cho i ce I s  re l evant to the way I n  wh i ch the farmer sees h i s  p l ann i ng 
p rob l em and a l so re l evant to the prob l ems I nvo l ved t n  the l ong-run 
p l annn f ng of f i rm  growth . The mean i ng of a sat l s f l c t ng nPde l t s  
g i ven by Herbert S i mon :  "An a l ternat f ve I s  sat i s factory I f  C l )  
there ex i sts a set of cr i ter i a that descr i bes ml n l ma l  l y  sat i s factory 
e l temat l ves and ( 2 )  the a l ternat i ve I n  quest i on meets or exceeds 
a l l these crt ter l a . "7/ 
5/Johnsen , E r i k :  Ora l commun i cat ions  on stud i es about to be pub l i shed . 
6/0dhnof f ,  J an :  "Of the Techn i ques Opt i mi z i ng and Sat l sf l c l ng . "  The 
Swed ish Journa l of Econom i c ,  Vo l ume 67 , No.  I ,  March 1 965. 
-
7/March , J .  G. and S i mon ,  H .  A. : Organ i zat i ons . New York 1 958. pp . 
1 04- 141 • quoted from Odhnoff .  
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The base model, G, includes al I the knowledge on the firm to 
be planned. Examples of base models are those used in linear pro­
gramming or dynamic programming. Other models are possible . In 
long-run planning for growth it is important that the base rrodel 
include a specified planning period and that the time element of 
the model is stressed . 
The seeking process , S, wi I I be used to combine the activities 
A of the base rrodel uti I izing the resources specified in , and subject 
to the constraints set by the model K (the functioning of the firm) 
and aiming at the ful fi I lment of the goals included in rrodel M .  
Examples o f  seeking processes ae the Simplex method for solving linear 
programming problems , Monte-Carlo Methods , common rules for decision 
making under uncertainty , etc . 
The process of adaptation of standards , N ,  wi I I be used to 
check the fulfi I lment of the goals indicated by model M .  I f  these 
goals are not reached then activities CA) , constraints C K) , and 
finally also the goal standards may be changed . This adaptation 
of the standards is necessary if there is no solution that fulfi I Is 
al I the goals set .  Raising the standards is possible if al I the 
goals are immediately fulfi I led and this procedure can go on unti I 
no further raise is possible . 
This general planning model is usable in a great number of 
planning problems . Before using it for long-run planning of firm 
growth it is necessary to fi I I f n  the factual material relevant to 
the plann i ng problem . Relevant mater i al of th i s  type w i  I I be 
d i scussed i n  the fol low i ng sect i ons . The var i ous sub-models w i  I I 
be d i scussed i n  the order just ment i oned . 
Goals for Long-Run Plann i ng of F i rm Growth (Model M }  
As far as the d i scuss i ons have brought us h i therto i n  the Swed i sh 
group i t  seems appropr i ate to i nclude i n  model M for th i s  type of 
plann i ng ,  cr i ter i a  such as : 
( I) A prof i t standard 
(2) A capac i ty standard 
(3) A l i qu i d i ty standard 
(4) A flex i b i l i ty standard 
Each of these standards must be dated and thus related e i ther 
to some po i nt or to some per i od i n  t i me .  If the latter , the t i me 
per i od has to be the relevant plann i ng per i od .  In th i s  sect i on I 
w t  I I i nd i cate proposals for sett i ng these standards . 
The prof i t  standard may be des i red i ncome from labor and 
cap i tal wh i ch the farmer i nvests i n  h i s  bus i ness . Th i s  i ncome should 
be measured after reduct i on for taxes . Another poss i ble alterna­
t i ve i s  the i ncome requ i red for consumpt i on after reduct i on for taxes 
and for sav i ngs necessary for the growth of the f i rm .  The consump­
t i on level i s  preferably adjusted to the vary i ng s i ze of the fam i ly 
over t i me. It may be poss i ble to change the standard to a cr i ter i on 
wh i ch max i m i zes prof i t  or consumpt i on .  
The capac i ty standard may be measured as a m i n i mum cap i tal 
requ i rement per man for each po i nt i n  t i me .  Th i s  standard can be 
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calculated from general studies on the relationship between capital 
requirement per man and profit for various types of farm or production 
branches. An alternative capacity standard may be the rate of growth 
of capital on the average during the planning period to meet the 
necessary capital requirement at each point in tl me during this period. 
Information on the setting of these standards can be fetched from 
ma ny sources. a/ The capacity standard ts designed to take care of 
the prob lems related to acquisition of capital for the long-run 
growth of the firm. It is important to remember that capital for 
expansion can be equity or borrowed funds and that equity capital 
at any point in time consists of capital at an earl fer point in 
time plus capttal generated by savings from incomes (negative savings = 
consumption of capital) plus deliveries from external sources (minus 
sign = deliveries to external sources) plus capital gains due to 
inflation (minus sign = loses, for the same reason). 
The liquidity standard for each point in time can be expressed 
as for example the amount of equity capital necessary to counter-
balance the income variations due to risk and uncertainty. Careful 
studies on the input and output streams of the firm may give clues 
to better measuring rods. 
The flexibility standard can be measured on the active side of 
the balance sheet. It can be expressed for example as a standard 
8/See for example the macro theory of economic growth here exemplified 
with the Harrod-Demar model on economic growth and the extensions of f t  given 
by Tinbergen and Bos in: Mathematical Models of Economic Growth. New York 
1962. Other interesti ng exampl es are gi ven by Baurrol in his article "On the 
Theory of Expansion of the Firm" (American Economic Review. Dec. 1962, pp 
1078-1087) and Richardson, G. B. : "The Lf mifs fo a Fi rms Rate of Growth" 
(Oxford Economic Papers. March 1964). 
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indicating the percentage of total assets which are directly market-
ab le or as a maximum time period within which non-marketable assets 
have to be paid back under ordinary conditions. The flexibility 
standard is also related to the increasing risk and uncertainty 
prob lem involved in firm growth and to the costs to make readj ust-
ments of non-marketab le assets. 
The Base tJodel G of the Firm in Long-Run P lanning for Growth 
Decision on the length of the planning period is an advisable 
first step in building the base model. The planning period is the 
period In time between the planning moment and the relevant planning 
horizon. The starting point for deciding the length of the planning 
period should include consideration of: Ca) the general view of Hicks9/ 
dynamic model that the profit over some period of years has to be 
maximized, Cb) the possibility shown by tJodigliani and Cbhen.!£.1 to 
cut off part of the future by Investigating which non-realized events 
and decisions are relevant to the planning of actions during the 
first year of the planning period, Cc) the subj ective j udgment of 
the farmer as to what part of future events and decisions is relevant 
to the planning of his actions • .!.!J 
The elements of the base model are: 
I. Resources available at the planning moment for the agricultural 
firm; for example acreages of farm land and forest, hours 
9/Hicks, J .  R. : Value and Cap i ta l . O xford 1939 • 
10/Modigliani, F.  & Cohen ,  K. J . :  The Role of Anticipations and Plans 
In Economic Behavior and Their Use in Economi c Anal ysi s and Forecasting. 
Rev. ed. Carnegi e I nstitute of Technol ogy, Pittsburg 1 960 • 
.!.!JSvennilsson , I. : Ekonomisk planering. Uppsala 1938. 
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of t abor, building space, capital, etc. 
2. Structural constraints characterizing the firm to be planned; 
for example rotation restrictions, intermediate products, 
etc. These constraints can be related to a single year 
of the planning period or may tie together years within 
the planning period. 
3. Possib le activities to be performed to during the planning 
period. I n  our case it may be suitab le to distinguish 
between production processes (wheat production, milk pro­
duction, etc. ) and processes inducing growth (additional 
land, capital, building space, etc). 
4. I nformation on the contributions that each single activity 
gives to the fulfi I lment of the goals set forth. 
5. The resource requirements of the various activities. 
Points Cl) and (2) constitute part K of the base model, the 
functioning of the firm. Points (3), (4) and (5) constitute part 
A of the base model, the activities to choose among. I t  is important 
to note that each element of the model has to be dated, i.e. related 
to the relevant sub-period of the planning period. 
Of special interest in our case are the processes Inducing growth. 
Examples of these processes are: acres of farm land possible to add 
to the farm during some future year, capital acquired through current 
savings of running incomes during each single year of the planning 
period, increases of capital, etc. Both positive and negative 
additions are of course possib le. Of interest in this connection 
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are the costs enta i l ed i n  the growth I tse l f . These costs a re for 
examp l e  the adj ustment costs when the s i ze of the f i rm t s  I ncreased 
and the very often I nc reas i ng marg i na l  costs of borrowed cap i ta l .  
Both these types of costs have to be we i ghted aga i nst the advantages 
of the growth • .!.!f 
There are of cou rse a great many ways to construct the base 
mode l . Fou r  d i f ferent ways w f l I be g i ven here.  
( G I ) A l l re l evant sub-per i ods of the p l ann i ng per iod are 
i nc l uded I n  the p l ann i ng mode l and the goa l standa rds 
fu l f l l l ed for the who l e  per i od l ooked upon as an enti ty .  
A l l poss i b l e  a l te rnat i ve growth paths dur i ng the p l ann i ng 
per iod shou l d  I n  p r i nc i p l e  be exam i ned.  
C G2 )  The same as mode l C l ) but w i th major stress on the f i rst 
sub-per i od of the p l ann i ng per iod.  Th i s  is  Mod i g l i an i  
and Cohen ' s  approach to the p l ann i ng procedure. Th i s  
approach permi ts us to treat the l ater sub-peri ods o f  the 
p l ann i ng per iod I n  much l ess deta i l than the f i rst sub-
per iod .  I t  a l so stresses the po i nt that future sub­
per iods a re a l ways subjected to rep l ann i ng and thus on l y  
o f  I nterest I n  so far as they have a bea r i ng on what has 
to be done dur i ng the f i rst sub-per iod.  
C G3) The comb i nat i on of one short-run p l an for the f i rst and 
one for the l ast sub-per iod of the p l ann i ng per i od .  I n 
1 2/ l mportant contr i but i ons to take account of when b u l l d l ng the mode l 
have been made by Baumo l ; "On the Theory of Expans i on of the F i rm. "  Amer i can 
Econom i c  Rev i ew. December 1 962 .  pp 1 078- 1 087 ; and R i chardson : "The Limi ts 
to a Fi rm's Rafe of Growth . "  Oxford Economi c  Papers ,  Vo l ume 1 6 .  March 1 964.  
No. I .  
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the short-run plan for the last sub-period al  I expected 
additions to the available resources through processes 
Initiating growth are Included and the best possible 
anticipations of the relevant planning parameters made. 
The connections between the two short-run plans and the 
long-run plan are more loosely Indicated. The two plans 
and their connections form the total long-run plans. 
(G4) A short-run plan only for the f f  rst sub-period of the 
planning period combined with an ana lysts, according to 
Penrose,.!l.,' of the most profl table growth or expansion 
directions of the firm. Observe the necessity of fitting 
the plan to the existing resou rces and their organization 
and to Include the possible and necessary adj ustments 
and their affects In income and costs. 
The a lternative ways of building the base rrodel G are Illustrated 
as fol  lows: 
C G  I )  
C G  2 )  
C G  3 ) 
C G  4 )  
I 
- - - - - -- -- - -· - ) 
fh e pl anni ng period 
The long-run featu res of this base rrodel are establ ished through 
decisions on the length of the p l anning period, the dating of the 
.!l.,'Penrose, E . : Ibid cit. p. 85 . 
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individual elements of the base model and the way i n  wh i ch the model 
is bu i It up. The growth feature of the rTOdel is established i n  the 
contr i but i ons that ind i vi dual activi ties give to su ch goals as capacity 
(growth), li quidity and flexib i lity �d  also in the growth initiating 
processes. 
The Seek i ng Process, S, for Comb i nati on of Activ i ties 
These processes can be of var i ous types. It seems convenient 
to ti e them to the alternative ways of bu i ld i ng l'TOdels. If so the 
fol lowing are examples of seek i ng processes that could be used :  
To models of type (G I )  and CG 2) : 
Dynami c linear programmi ng or dynamic programmi ng (Bel Iman). 
To l'TOdels of type (G 3) :  
Trad i tional one-per i od linear programmi ng, si mulati ng 
precesses or "program p I anni n g" can be used for the short­
run and the long-run plans indi v i dually. The tyi ng to­
gether of plans is essentially a problem of finding al I 
the possible ways of comb i n i ng alternative short-run and 
long-run plans. 
To rTOdels of type (G 4) : 
Tradi ti onal one-peri od li near programm i ng comb i ned with 
analysis accord i ng to Penrose based on shadow pri ces and 
studi es  of unu sed resources. 
Al I l'TOdels can be combined wi th sensitivity analysis, for example 
by using criteria for decisi on making under uncertainty when choosing 
between  alternative growth directi ons. 
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Al I th ese seeking p rocesses can of course always be exchanged 
for simpler trial-and-error techniques. This may be the only way 
out in the pra ctical p lanning of individual farms especially before 
electronic computers a re more rea dily a va i  I able and before the extension 
service personnel is more p repa red than  now to use highspeed electronic 
computers. 
The Process of Adaptation of Standa rds, N 
The calculation of alternative plans has to be made stepwise. 
When a plan  h as  been established, it must be checked to see if the 
goal standards a re met. I f  so th e plan  can be accepted and the adapta­
tion process need not be used. I f, on the oth er hand, some goal 
standards a re not reached the a daptation process wi I I be used to make 
possible changes in a ctivities included in the plan  and/or in restric­
tions in such a direction that  goals can better be fulfi I led. I f  
a fter these changes al  I goals are fulfi I led, the p lan  can be accepted. 
I f  the goals are sti I I not fulfi I led alternative plans have to be 
formulated by sta rting over again. I f  after some trials, no plan  
can be found wh ich fulfi I I s  a l  I th e goals, th en modifications also 
can be made on the goal standards. The planning is going on unti I 
th e planner thinks that the marginal cost of making new trials is 
equal to the marginal value of th e increase in knowledge of the future 
organization. 
The adaptation process, N,  can be mechanized and made fit for 
solution on electronic computers for p roblems of reasonable size 
(J ohnsen, Erik ; p rivate communications). Of course, trial-and-error 
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methods can also be used . In th i s  case the calculat i on of a number 
of plans and the results as to fulf i I lment of the goals g i ve i mportant 
knowledge as to the product i on poss i b i  I i t i es of the f i rm and can be 
of value when dec i d i ng on the plan to be put i n  act i on .  
Th i s  way of work i ng w i th a seek i ng process , S ,  and an adaptat i on 
process , N ,  i s  i I lustrated graph i cally below . The procedure i s  an 
i nteract i on of seek i ng and check i ng results aga i nst g i ven goals . 
Th i s  procedure goes on unt i I a plan i s  found wh i ch fulf i l  I s  the goals 
or adjusted goals. In th i s  the planner and the farmer must cooperate 
closely . 
Goals 
> 
Plann i ng 
73 
THE WORK SEQUENCE FOR PRACT I CAL  LONG-RUN PLANN I NG FOR GROWTH OF THE 
AGR I CULTURAL  FI RM 
( A pre I i mi nary ou t I i ne) 
Goals 
General goals, n ot possible to quantify : 
/-Y I in tend  to keep  my farm 
/7 as fu I I -ti me farmer 
1--r as part-time farmer 
/7 live there but n ot farm 
may se I I the farm /7 
/7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Profit goal 
1---Y Maximizing in come after tax deduction s over the plan nin g  period 
II Reach a specified in come leve l after tax deductions :  
f7 
Per l o  of 
years to 
Kr/year :  
Pr i ce I eve I : 1 9  .• • •  
to to 
--- -
Capacity or growth goa l 
/7 Reach at least the fo l l owing  tota l capital in vestmen t (owned 
an d borrowed) per 2000 h ou rs of l abor a year : 
a) 
Year : 
I 
. . . . . . . . . . .  
Kr/2000 h :  
Price l eve l : 1 9  • . • . 
. . . . . . . . . . .  . . . . . . . .  - - · · ·a 
a) Status at the p l an nin g  moment 
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\ 
• 
/7 
This means an average yearly growth rate of capital invested 
per 2000 hours . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
L i  q u i d i ty goa I 
0 Owned capital at least the fol lowing % of total capital 
a 
a) 
Year : . . . . . . . . . . . . . . . . . . . . . . 
% owned 
capital : 
a) Status at the p l anning roc>ment 
F I  ex i bi I i ty goa I 
. . . . . . . . . . . . . . . . . . . . . .  
0 At least the fol lowing % of total capital invested in other assets 
than land and bui I dings : 
0 
a) 
Year : . . . . . . . . . . . . . . . . . . . . . . 
% of total 
capital : 
a) Status at the planning moment 
Other quantifiable goals 
. . . . . . . . . . .  . . . . . . . . . . .  
The Base fvbde I and Choice of Seeking Process_ 
The planning period covers the years : to 
Planning moment : 
Available resources at the planning moment : 
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Capita I , owned 
borrowed previously 
new loans 
. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . 
Land, farm I and 
forest land 
Bui I ding space, 
insulated 
non insulated 
Labor force, 
availab le hours 
Structural constraints 
Rotation restrictions: 
Ma x./min. % of farm land in: 
Kronor Costs/year 
Owned Rented 
. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  
Seasons ot T e  year 
. . . . . . . . . . . . . . . . . .  
Total 
Total 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Other constraints 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Production processes (pp) 
See appendix with processes and necessary technical coefficients. 
The coefficients wl I I be calculated for the fol lowing years during 
the planning period : 
t I • • • • • • • • • . • • • • • .  • • • • . . • • . . • • • . • • . • . . . . • . . • • • • • • • • • • . • • • .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Expected maj or innovations and changes in price relations and in 
the farmer's knowledge during the planning period : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Growth inducing processes Cgp) 
Changes (+ and -) in resources expected during the planning period : 
� Expect- Units/peri od 
gp ntroduc-
q period . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  
Capital , kr 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  
. .  Necessary savings . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  
Land, hectare 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
Bui I d  i ng space, m2 
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . 
Labor hours 
. .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
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Important alternatl ve growth paths: 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Choice of base nodel  and seeking process 
t::1 Model I: A ll relevant sub-periods of the p lann t ng period simu l­
taneously planned 
[:J Model 2: Model I but major I nterest focused on the first sub­
pertod 
Division I n  sub-periods: 
Period no u,vers years 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
• • • • • • • • • • • • • • • • • • •  . . . . . . . . . . . . . . . . . . . .  
• • • • • • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • • • • • • 
Seek l ng p rocess: 
CJ 
CJ 
0 
D 
Dynam I c I f near p rog ranm I ng� 
Dynamic progranml ng� 
lntuitfvely formulated growth paths based on I nformation from 
the base nodel + subj ective choice made jointly by the farmer 
and the planner according to the fu lfillment of the goals 
already formu lated 
. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t:] "°del 3: Plannl ng I ndependently of the first and the last sub­
period of the planning period l5/ + I ndications of 
possible alternative growth pa-Fhs between these two 
sub-periods 
14/The use of these techniques requires that one of the goals t s  
expressed as an optimization (max. or min.). 
15/A number of alternative plans preferably specl all zed t n  various 
directions have to be established for both sub-periods. 
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.. 
' 
First sub-period covers the years: • • • • • • • • • • • • • • • •  
Last sub-period covers the years: • • • • • • • • • • • • • • • •  
Seeking process for each sub-period: 
/7 Traditiona l I-period linear programming.!!/ 
/7 Sl mulation technique 
/7 "Program p Ianni ng" 
Seeking process for possib le growth paths between 
alternative plans th e two sub-periods: 
/7 Intuitively formulated growth paths based on 
Information from the base model. 
/7 • • • • • • • • • • • • • • • • • • • • • • • • 
Seeking process for the combinations of plans for the 
first and th e last sub-periods and th e possib le growth 
paths between th e two sub-periods. 
/7 Max. profit over the planning period discounted to 
the planning rroment. 
/7 Subj ective choice j ointly by th e farmer and the 
planner according to the fulfillment of the goals 
previously formulated. 
17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/7 tJodel 4: Planning  of the first sub-period only combined with 
analysis of growth directions according to Penrose 
Seeking process: Traditional I-period linear progranming 
Sensitivity analysis 
r-7' No sensitivity analysts (I. e. planning under subj ective certainty 
-- as to the outcome of future events) 
t::J' The planning  will be combined with sensitivity analysts: 
14/The use of these techniques requires that one of the goal s i s  
expressed as an optimization < max. or min. ] .  
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r-T Construct i on of a game matr i x by ca l cu l at i ng the outcome of 
-- each a l ternat i ve growth path for a set of future "states of 
Nature."  App l i cat i on of cr t ter l as for cho i ce under uncerta i nty 
on th i s  game matr i x� 
D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
The Adaptat i on Process CTo Be App l  l ed I n  Q>nnect i on W i th Any 
Seeki ng Process) 
Ca l cu l ate the f i rst  comb i nat i on of p rocesses C pp + gp ) and check 
the fu l f l l l ment of the goa l s . I f  the goa l s  a re fu l f l l l ed the f i rst 
p l anJ.1.1 I s  reached . 
I f  the goa l s  are not fu l f l l l ed seek new cono l nat i ons - of processes . 
Three ways are poss i b l e : 
I .  Exchange processes whereby those processes go out wh i ch 
contr i b ute l east and those p rocesses go I n  wh i ch contr i b ute 
most to the goa l or  goa l s  not fu l f l l l ed .  
2 .  Exami ne the poss i b i l i ty to change the techn l ca l  coeff f l c l ents 
of the p rocesses I n  the f i rst comb i nat i on .  
3. Exam i ne the poss f b t l f ty to change the structu ra l constra i nts 
of the base nK>de l . 
I f  the goa l s  can not be reached I n  th i s  way try new comb i nat i ons 
of p rocesses and work these comb i nat i ons th rough aga i n . 
I f , a fter many exper i ments , some goa l or goa l s  are st t l I not 
reached exami ne the comb i nat i ons of processes at hand and consu l t  
�W i th one goa l exp ressed as an opt i mi zat ion .  
1 7/As the goa l s  on l y  have to be fu l f t l l ed and no opt t ma l  c r i ter i a 
are used there may be many comb i nat i ons o f  processes that fu l f l l I the goa l s . 
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the manager as to the future work: He may accept one of the com-
binations as his plan or order nore experimentation. 
The Planning Procedure 
Bui Id the relevant base nodel. Appendix •••••• 
Use the relevant seeking processes and the adaptation process to f ormulate 
alternative plans. Appendix • ••••• 
The formulated altern ative plans and their goal fulfillment. 
Appendi x  • • • • • • 
Alternattve no: Sub-peri ods of Tne o Ianni ng period 
Resources: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Processes: 
. . . . . . . . . . . . . . . . . . . .  
Goal fulfillment: 
. . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . .  . 
Actions necessary to take during the first sub-period: 
. . . . . . . . .  . 
. . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(One table of this kind f or each alternative) 
Result of the sensitivity analysis. Appendix • • • • • • 
For,.,.,. I at I on of the a I tern at i ve " states of Nature ": 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8 1  
�hosen alternatives according to various criteria : 
Criteri on Alternative 
Maximl n (Wald) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Minimax risk (Savage) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pessimist-optimist CHurwf cz) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o = I (pessimist) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o = 0 (optimist) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cl = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I nsufficient reason (Laplace) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The chosen plan and the main reasons why it was chosen: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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A MULTI PERIOD STOCHASTIC K>DEL OF F I RM GROWTH 
Stan J ohnson 
University of Missouri 
Firm growth is an area of economic Inquiry that has received 
, litt le of the attention of economists In the past. It has even been 
suggested that ,  "Perhaps such a theory (of firm growth) t s  Impossible 
to construct, unnecessary, trt via l , or outside the place of economics 
proper. " '  In this study an attempt Is made to show that al l  of the 
above possibil ities can be rej ected and that In fact the theory of 
firm growth t s  a real economic problem and furthermore that It Is 
an economic probl em that l ends Itsel f to empirical Investigation . 
Since this t s  an ernp l rt ca l  stu dy ,  the Investigation of firm growth 
t s  restricted to one firm assumed to be representative of a set of 
firms that possess a sizable number of the same characteristics. 
The particu lar group of firms which are the subj ect of this study 
are the dry land farms In the Southern High Plains of Texas. 
Aggregate empirical facts that are available for this area 
suggest that growth Is a problem of real consequence for these farm 
firms . A few of the rrDre pertinent of these facts are:2 3 
l penrose, Edith Tl l ton, The Theory of the Growth of the Firm, J ohn 
W i i ey & Inc. New York, 1959, p. I .  The parentheses are rfrf own . 
2Un l ted States Census of A9rl cu ltureg 
A9r l cu l tura l  Census f or Counties 
and States. County Tabl e No. I .  1939, I 44 , 1949, 1954, 1959. 
3Costs and Returns  on Convnercl a l  Farms , United States Department of 
Agriculture, Economi c Research Service, Supp l ementa l  Bu l l et i ns 297 and 230. 
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I .  Evl dence of- "pr l  ce cost squeeze" 
2 .  I nc reased cap I ta  I t nvestment I n  mach lnery per  farm. 
3. I ncreased techno l ogy ev i denced I n  the deve l opment of farm 
mach i nery su t tab l e  to l a rge s i ze farm operat i ons . 
4 .  Average per cap i ta I ncome for farmers t s  cons i stent l y  be l ow 
the nat l ona l average per cap i ta I ncome. 
These and other factors have l ead  to a genera l v i ew anong agr l ­
cu l tura l  economi sts that farm f i rms expect i ng to rema i n  I n  bus i ness 
and be I n  a pos i t i on to adopt the I ncreased techno l ogy of agr t cu l tu ra l  
product i on must I ncrease I n  s l ze . 4 
Noneconomi c  l mp l i cat t ons of a cont i nuat i on of the above cond i t i ons 
are ma i n l y assoc i ated w i th the p robab l e  dec l l ne I n  popu l at i on I n  th i s  
rura l a rea a_nd the repercuss I ons that I t  l s  1 1  ke l y  to cause. The 
numerous economi c  l mp l t cat l ons assoc i ated w i th i ncreas i ng f i rm s i ze 
appear to fa l I I nto th ree genera l categori es .  The f i rst I s  w i th i n  
the a rea of economt es of s i ze and sca l e . There are l �ortant 
quest ions to be answered w i th respect to the effects , f f  any , of 
the I ncreas i ng or decreas i ng s i ze of farm f i rms on the average cost 
per un i t  of output. The second i mp l i cat i on Is assoc i ated w i th the 
prob l ems of entry. As the s i ze of farm operat i on that w i l l  y i e l d  
an I ncome compa rab l e  w i th nonfarm a l ternat i ves i ncreases f t  becomes 
l ncreas l ng l y  d i ff l cu l t  for beg i nn i ng farmers to secure the amount 
of cap i ta l  necessary for them to have an i n i t i a l  operat i on of the 
s i ze that has a reasonab l e  chance of be i ng successfu l . The th i rd 
economi c  I mp l i cat i on of a cont i n uat i on of these cond i t i ons t s  
4J ackson V .  McE l veen , Farm Numbers , "Fa rm S i ze and Farm I ncome, "  
Journa l of Fa rm Economi cs ,  Vo l .  XLV , No . I ,  February ,  1 963, pp . 1 - 1 2 . 
J .  Edw i n Faris , "Economies of Sca l e  i n  Crop Product ion , "  Jou rna l of 
Farm Economi cs ,  Vo l .  XL I I I ,  No .  5 ,  December 1 96 1 ,  pp . 1 2 1 9-1226. 
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associated with the prob l em of Increasing firm size or growth. 
Farm firm growth has for some time been in evidence and is a l rrost 
certain to continue to occur, yet it has received l itt l e  or no 
treatment by Agricul tural Economists. Thus, the process of firm 
growth seems to have a good dea l of promise as an area of research. 
Up to now no exp l icit definition of firm growth has been given 
a l though it has imp l l city been ii l uded to as an Increase in the 
size of firms. 
"The term ' growth' is used in ordinary discourse 
with two different connotations. It sometimes denotes 
mere l y increase in arrount; for examp l e, when one speaks 
of ' growth' in output, exports, sa l es. At other times, 
however, it is used in its primary meaning of a process 
of devel opment, akin to natura l bio l ogica l processes In 
which an interacting series of interna l changes l eads 
to increases in size accompanied by changes in the 
characteristics of the growing obj ect. 115 
For the ana l ysis to fo l l ow ,  firm growth is defined as an increase 
in the worth of the firm. The basic reason for choosing increased 
worth as opposed to increased output as evidence of firm growth is 
that in the ana l ysis to fo l l ow variabi l l ty of output p l ays an 
important rol e. This in itse l f prec l u-des output as a stab l e index 
of firm size. As an I l l ustration of the definition adopted for 
growth, suppose that the worth of a firm were A at the beginning 
of a particul ar period of time and that at some subsequent period 
of time e. g . , the nth period it was B; then firm growth for periods 
I through n wou l d B - A. Two facts are c l ear from this sl mp l e 
i l l ustration. The first is that firm growth has on l y  secondary 
connection with the concepts or standards of size and sca l e by 
which firms are examined in traditional economic theory. Concepts 
5op . cit. , Edith Tii ton Penrose, p. I.  
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of s i ze and sca l e  are g i ven on l y  of i nc i denta l cons i derat i on s i nce 
th i s  ana l ys t s  t s  concerned w i th the process of a f i rm ' s  mov i ng from 
one s i ze to another. The ex i stence constant or decreas i ng l ong run 
average cost curves t s  then J ust one of the necessary cond i t i ons 
for f I rms to grow .  
Second l y ,  the f l  l ustrat t on demonstrates that f i rm growth t s  
dynam i c  I n  nature. I n  essence , the fact that a f i rm must move from 
one per i od to another I n  order to accomp l i sh growth I s  I mp l i c i t  I n  
the def i n i t i on .  
There I s  at p resent some controversy i n  the economi c  l i terature 
as to what t s  dynami c  and what t s  stat i c . One of the streams of 
thought envo l ved from the concept of economi c  dynami cs as def i ned 
by J .  R. H i cks . The substance of th i s  concept Is conta i ned i n  
the fo l l ow f ng quotat ion .  
" I  ca l I Econom i c  Stat i cs those parts o f  economi c  theory 
where we do not troub l e  about dat i ng ;  Economi c  Dynami cs 
those pa rts where the quant i ty must be dated.  For 
examp l e , I n  economi c  stat i cs we ,th i nk of an entrepreneur 
emp l oy i ng such-and-such q uant i t i es of factors and produc i ng 
by the i r a i d  such-and-such quant i t i es of products ; but we 
do not ask when the factors are emp l oyed and when the pro­
d.ucts become ready . I n  economi c  dynam i cs ,  we do ask such 
quest i ons ; and we even pay spec i a l attent i on to the way 
changes I n  these dates affect the re l at i ons between factors 
and p roducts . "6 
Essent i a l l y , H i cks suggests that the dat i ng of the var i ab l es and 
dynam i c ana l ys i s are one and the same. Another somewhat nore 
p rec i se def i n i t i on of stat i c  and dynami c ana l yses t s  suggested 
by Samue l son . Centra l to the system of c l ass i f i cat i ons that 
6J .  R. H i cks , Va l ue and Cap i ta l , Oxford Un i vers i ty Press , London , 
I 9 39 , p .  I I 5 .  
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.,., 
Samue lson has set down ts formulati on that was borrowed from 
Ragnar Frisch: 
"A system  ts dynamical tf Its behavior over time Is deter­
mined by functiona l equations In which varl ables are different 
point of tl rne" are Involved In an "essenti al" way • • •  "Attention 
ts cal led to the fact that variables at different points of 
ti me  must enter tnto the problem In an essenti a l  way" • • •  and 
Samue I son cone I udes that: "Un I ess , therefore, we reserve 
the designation dy namics for systems which Involve economical ly 
significant variables at different points of ti me In an trre-7 movable way , we shall  find that no nondynamic system exis ts . "  
Samue lson proceeds to prescribe some s l x all inclusive divisions i nto 
which al  I economic analyses must fal 1. 8 
Generally ,  the economic literature concerning the deffnftfons 
of static and dynam i c systems or roc>de ls ts characterfaed by the 
dtverstty and tncompatfbtlity of the two above quotations on the 
subject. Perhaps the l i terature has been left In th i s  rather 
unti dy state due to the re lative rari ty of concentration on ana lyses 
that Involve the movement of economi c variable over ti me - especi a lly 
wtthtn the micro framework. An alternative conceptualizati on of 
the two states ( Stat i c and Dynami c) and Intermediate pos i tions ts 
advanced here as a bas i s  for pos i ti ng the nature of this analys ts .  
F i rst def i ne a stati c s i tuati on as one tn whi ch a l  I of the variables 
are stationary. Let another state be def i ned as purely dynam i c. 
Suppose for operat i onal s l mpl lef ty that these two poi nts define a 
s pectrum. Then , at one end would lie the p urely stat i c type of 
analysts ,  I . e . , a completely ttmeless comparison of equ ll brfa; and 
7Paul  A. Samuelson, Foundat i ons of Econom i c Analas l s ,  Vol. 80, Harvard Econom i c Stud i es ,  Harvard University Press ,  1�7, pp . 3 1 4. 
8 �, pp. 3 1 4 and 1 35 .  
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at the other end the compl eted l y dynamic ana l ysis, I. e. , one In 
which a l  I varia bl es are functions of time In an  l rrevers l b l e way .  
t.'ost emp l rl ca l  ana l yses have some stationary variab l es and some 
time related variab l es and thus l ie In the Intermediate area somepl ace 
between the two extremes. tJode l s of this type sha l I be defined as 
non-static to denote their mixed character. Exact p l a cing of 
a mixed model a l ong the static-dynamic spectrum Is difficu l t and 
usua l l y  arguabl e since non-static roc,del s can differ in the number 
of Interaction a l l owed between variab l es, and the l ike. The roc,de l  
presented In thf s ana l ysis is significant l y non-static, it Is of 
l f nea r form, it Is stochastic, and the variab l es are dated with 
time subscripts. 
The fact that time must be inc l uded in the study of firm growth 
is the source of a host of further probl ems that are invo l ved f n  
Its empirica l ana l ysts. The major difficu l ty that appears in the 
mu l tiper l od ana l ysis necessary for studying firm growth is that 
something must be assumed or postu l ated about the environment within 
which firms move through time. S hou l d it be assumed that the firm 
functions In an environment that is characterized C l )  by perfect 
know ledge of the outcomes of various decisions over successive periods 
In the roc,de l , (2) by a know l edge of the exact probabi l ity distributions 
of the outcomes of various decision variab l es for each period, or (3) 
by no know l edge at a l  I of the expected outcomes of various decision 
variabl es for any period? I mperfect know l edge or the prob l em some­
times l dentif i' ed with the terms risk and uncertainty l s  quite rel evant 
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to firm growth. If growth is to be mea ningfu l ly ana lyzed imperfect 
knowledge must be handled in a manner that wi I I resu lt in definitions 
that avail themselves to empirica l ana lysis. In estab lishing the 
related d efinitions that are applied here, the work of Frank Knight 
on this subj ect is used as a point of departure. 
"Taking, the, the classification point of view, we sha l I 
find the fo l lowing s f mple scheme for separating three different 
ty pes of probabt lity situation: 
I. ' A  priori' probability . 
2. sfafi sfi ca l probabi I tty . 
3.  Est irnates. "9 
The first and second of the above classifications of probability 
have come to be designated by the somewhat ambiguous term "risk" 
tn economic writings. The third classification has come to be 
ca l led "uncertainty . "  Knight suggested that :  
"It is this third type of probability or uncertainty 
which has been neglected in economic theory • • •  lt is this 
pure uncertainty which by preventing the theoretica l ly 
perfect outwork i ng of the tendencies of competition gives 
the characteristic form of "enterprise" to economic 
organization as a whole and accounts for the particu lar 
Income of the entrepreneur. 1 0  
It is here proposed that the techniques of empirica l Investigation 
have developed to the extent that this neglected area of uncertainty 
(suggested by Knight as giving the characteristic enterprise to 
economic organization) can be investigated in regard to its effects 
and its interactions with various policies of entrepreneurs. Simu lat i on 
9Frank H .  Knight, Risk, Uncertainty and Profit, Houghton Miffl tn 
�mpany, New York, 1 92 1 , pp. 224 and 225. 
IO t bid. , Frank H .  Knight, pp. 23 1 and 232. 
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has made  the emplrtca l Investigation of firm growth and ana lytica l 
possibility and one of ultimate practica l va lue. 11 
Conceptua l Model: 
The nK>del  designed for this empirica l ana lysis of firm growth 
ts composed of five unique components. These five components are: 
I. A set of va lues that cha racterize the ability of the firm 
to transform the va rious resources at its corrmand into 
fl na l  products or output. 
2 .  A decision model for the firm. 
3 .  A means of incorporating the variabllity that ts associated 
with the various p roduction activities of the firm. 
4 .  A method for testing the hypotheses concerning the factors 
affecting firm growth . 
5 .  Hypotheses concerning various factors affecting firm growth. 
Component number one consists basica lly of developing budgets that 
accurately reflect the cost of the va rious inputs and the technica l 
abill ty of the fa rm firms to transform these inputs into fina l goods. 
This p rocess ls ca l led Enterprise budgeting and ts commonly used in 
a l  location studies and/or f n  farm management ana lysis of the opera­
tion of farm firms. 12 
The demands on the decision model, component number two, for 
flexibility and size, I imited th e a lternatives. A linear programming 
model of the form shown below in vector notation was chosen. 
Max c 1 x 
Subj ect to Ax<b 
and x>o 
where c=net returns from various activities 
x=various activities included in the nodel 
A=Matrix of transformation coefficients 
b= resource restrictions 
1 1 Rt chard M. Cyert and J ames G. March. A Behaviora l Theory of the 
Firm, Prentice-Ha l I, I nc. , New Jersey , 1 963, pp . 1-43. 
1 2Lawrence A. Bradford and Glenn L. Johnson, Farm Management Ana lysis, 
J ohn Wiley and Sons, Inc. , New York, 1 953, pp . 3 1 5-316. 
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This con ventional linear programming model can be modified to represent 
� multi-period decision model by dating activities and supplying transfer 
acttvtttes and equations for the purpose of carrying firm operation 
forward from one year to another. Transfer activities are simply 
provided by designating slacks. 
The connection between static and dynamic linear progranming 
models (using dynamic in the sense defined above) is summarized very 
concisely and neatly in the fol lowing quotation. 
''Economists are fami I i  ar with the way in which a 
dynamic model of analysis may be developed from a static 
one, and the usual procedure applies in linear programming. 
Static linear programming rests on the relationships by 
which quantities of 'homogeneous goods and services (inputs) 
are transformed into other homogeneous goods and services 
(outputs), as we have seen. I f  we consider a production 
program as continuing over a number of periods of time, 
specify the quantity of each input that becomes availab le 
at the beginning of each period as a function of activities 
in earlier periods, and seek to determine the level of 
each process in each period, the framework of a dynamic 
analysts results. A genuine dynamic quality I s  l�orted 
to the analysis when the limitations on the activities of 
any period are expressed tn terms of th e results of 
previous periods. I n  this way a feedback I s  introduced 
into the system, and the successive periods are linked to­
gether by a set of linear difference equations which deter­
mine the maximum rate of growth of the system, the level 
of operation of each process during each period, and any 
inherent tendency to cyclical behavior. " 1 3 
A review of the model sketched above is sufficient for the conc l usion 
that tt is reasonably simtlar to the dynamic model described by 
Dorfman . The production tn year two is related to the production in 
year one and the production in year three is re lated both to the 
1 3Robert Dorfman, Application of Linear Programml nf 
to the Theory 
of the Firm, University of Cal ifornia Press, Berkeley, 95 1 , p. 89. 
9 1 
production tn years two and one--in other words--there is a provision 
for "feedback" in the decision rrodel outlined above. The feedback 
is a result of the fact that the rrodel is solved simultaneously for 
al  I of the years. 
The third component of th e empirical ana lysis of the growth 
of the firm is constructed in a manner unique to this study. The 
treatment of yield variability outlined below cannot be obj ectively 
classified as either risk or uncertainty. Simulation is the technique 
and that provides a basis for incorporating yield variability Into 
empirical ana lysts of firm growth. Simulation is defined for this 
analysis as a technique of setting up a stochastic rrodel of a real 
situation, and then performing sampling experiments on the rrodel. 1 4 
A maj or part of the "stochastic rrodel of a real situation" is the 
mu t ti-pertod linear programming model  which is used to characterize 
the actions of the farm firm over time. Al  I that remains for the 
completion of the stochastic rrodel is the innumeration and characterization 
of the sources of variation. In this analysis crop yields are 
assumed to be the only sources of variation to the farm firm. The 
data available for estimating th e variability of the yields of 
alternative crops are time series. Using time series data in simu-
lation models presents a serious question: 
"The design of a stochastic rrodel always involves a choice 
between using frequency or probabi I ity distributions of raw 
data, and the best theoretical fit that can be attained by 
the use of these distributions. This question is really 
14J ohn Harling, "Simulation Techniques in Operations . Research, " 
Operations Research, May-J une, 1958, pp. 307-319. 
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fundamental , because the use of raw data in a stochastic model 
Imp l ies that a l l one Is doing Is sfmulat l ng the past. I S  
I n  this part l cul ar ana l ysis the time series data Is used to construct 
probabl l l ty  distributions for crop yields. Some of the obvious limita-
t l ons  of this procedure reduced by constructing probability distributions 
with provision for expl' l c l ty Including vartous l evels of serial correlation. 16 
With the tnc l usl on of the stochastic yield variables the multi­
pertod progranrnl ng model  has been modified so that some of the elements 
In the transformation matrix C e. g. AJ j) are assumed to have distributions 
assoctated with them. Hence, they might be written AtJ + u, where: u 
has some distribution. Therefore, the probl em as def t ned t s  stochastic 
I n  the true sense of the word and the sol ution of this model of firm 
growth Invo l ves the solution of a stochastic progranml ng problem. An 
approxi mate so l ution to the stochastic set of simultaneous equations 
can be found by sl mul attng the nDdel as fol lows. 
I. Generation of random or pseudo-random numbers 
2. Making the approp riate transformations on the random numbers 
to associate them with corresponding val ues for crop yields 
from the yiel d probabl l ity distributions. 
3. S ubstitution of y ie l d "observations" generated by this pseudo 
sa"1)1ing technique. 
4. So l ution of the mul ti-period l inear prograrrrning nDdel. 
The fourth component of the scheme for quantttattvely analyzing 
f irm growth exists due to some special prop erties of components two and 
three. A l though the hypotheses are discussed In the fo l l owing section 
151bl d . ,  Harl I ng, p . 3 1 4. 
l 61n many time series and especial l y  In this one there Is disturbing 
evidence of non-randomness of successive years. Y l ng-Sh l ang Lin, R. J .  
Hii dreth and K. R. Tefertil l er, "Non Parametric Stat l st l cal Tests for 
Bunchl ness of Dry l and Crop Yiel ds  and Reinvestment I ncome, " J ournal of 
Farm Economics, Vol . XLV, No. 3, August 1963, pp . 592-598. 
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I t  shou l d  be noted here that they are I mp l emented by vary f ng approprf ate 
port i ons of the dec i s i on mode l over d i screte l eve l s .  Due to the fact 
that the d i str i but i ons that a re to be samp l ed from are known and the 
fact that the mu l t l -per fod dec i s i on mode l t s  formu l ated I n  such a way 
that f t  I s  a con d f t l ona l l i nea r transformat i on on the var l ab l es generated 
from the d i str i b ut i on ,  va l i d stat t st l ca l  compar l s i ons of the effect on 
f i rm growth of the va r i ous hypothes i zed structures of the dec i s i on mode l 
are poss l b l e . Stat i st l ca l  tests or compar i sons are poss i b l e  s i nce the 
natu re of the d i str i but i ons assoc i ated w i th so l ut ion po i nts can be deduced.  
Other  tests I nvo l ve s l mp l y  eva l uat i ng the means and var i ances of the 
d i str i but i ons that resu l t  from var i ous structures of the mode l . 
Component number f i ve I s ,  the hypotheses concern i ng factors wh i ch 
may affect f i rm growth . The d i scuss i on of th i s  component t s  I ncorpora­
ted w i th the statement of the object i ves of the study .  S i nce th i s  
study I s  one of the f i rst quant i tat i ve stud i es of farm f i rm growth , the 
object i ves are necessar l l y  concerned w i th broad re l at t onsh i ps and the i r  
s i gn i f i cance on farm f i rm growth . I n format i on atta i ned from a persona l 
I nterv i ew of a samp l e  of the farm f i rm operators t n  the area and f rom 
re l ated I t teratu re suggested that one or a comb i nat i on of the fo l l ow i ng 
four  factors m i ght have an I mportant I n f l uence on f i rm growth . 
I . The l n l t l a l  asset pos i t i on of the farm f i rm. 
2. Cap f ta l  or Cred i t  use po l i c i es of the fa rm f i rm. 
3. The nature of the var i ab l l t ty of crop y i e l ds .  
4 .  Consumpt ion po l i c i es . 
Start i ng pos i t i on of the f i rm, i s  rat l ona l i zed as a factor affect i ng 
f i rm §tewth as fo l l ows . F i rms w i th a re l at i ve l y  l a rge amount of assets 
are ab l e  to se l I more cred i t  and thus are rrore i nsured aga i nst the 
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results of their Imperfect knowledge about the environment than are 
firms with a relattvely sma ll amount of assets. Capital and/or credit 
use policies of an individual ftrm may h ave a pronounced Influence on 
the growth of th e firm. Firms that are liberal  users of capttal and 
credit may make rapid growth during the periods In which the uncertain 
environment provides years favorable for crop production. However, they 
are confronted with the possl bil l ty of severe losses should a series 
of years occur th at are unfavorable for crop production. The nature 
of and degree of the var l abf ltty of crop y l elds ts the result of the 
unstable environment In the High Plains and is therefore an Important 
factor In an analysts of growth of firms. There has been some Indication 
that th e environment In the area is such that it gives a rise to series of 
good and bad crop y ields. Attempts to test these series of good and bad 
years against an assumption of some specific cycle have met with limited 
success. 1 7 At any rate f t  would benefit the analysts If series of 
good and bad years of crop y l elds could be generated which conform 
to various assumptions about the length of these series to determine 
the effect (f f any) of this serial correlation upon the accumula­
t l on potential  of particular firms. Consumption policies of 
Individual firms have been characterized in the tradition Key nesian 
manner. Since, h ouseho ld consumption ts siphoned off of net Income 
or the capital of a firm during Its year ly operation, It may have 
a pronounced effect on the capital position of a firm over a number 
of y ears. This may be especial ly true In the case of firms whose 
1 7 t btd., Lin , Hildreth, Tefertiller, also M. H. Yeh and L. D. B lack, 
Weather cles and Cro Predictions : The University of Manitoba at 
u e n , November, 1 964, pp. 1 -1 7. 
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Incomes tend to be variable. Thus, the nature of alternative patterns 
of famt ly or household consumption could affect the accumulation 
of assets or the growth of firms . 
Both practical and theoretical objectives are persued In this 
analysis. Since the subj ect manner is re latively new and the particular 
method of analysis used has its origin In this study , some practical t ty 
has been sacrificed to al  low emphasis on the methods developed for 
quantitatively analyzing firm growth. The theoretical obj ectives 
are: 
I • 
2 .  
3. 
To construct an ana lytical framework that has the capacity 
for quantitative investigations of firm growth. 
To derive a method for satisfactorily Incorporating variable 
factors into economic analyst s of growth. 
To yield conclusions that suggest profitable areas for 
further rrore specialized research on growth in both 
agricultura l and non-agricultural firms. 
Practical objectives are naturally related to the particular area 
on which the ana lyst s was made and are: 
I .  To provide the farmers and other business men in the area 
with general statements about the expected results of 
various capita I ,  consumption, and management po I i ci es on 
firm growth. 
2. To provide farmers in the area with information on the 
strategies that have proven experimental ly successfu l 
in the simulated environment for surviva l and capital 
accumulation. 
ANALYT I CAL TECHN I QUE 
The development of the analytica l rrodel for the problem 
outlined in the previous section is presented below. Particular 
emphasis is given the specific factors of the ana lysis that are 
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18 un i que to th i s  study . These factors I nc l ude those pa rts of the 
mode l devoted to the p rocess of mod i fy i ng the mu l t i -per iod mode l 
to account for y i e l d var i ab i l i ty .  After the mode l that I s  used to 
s i mu l ate the f i rm has been set out, two a l ternat i ve techn i ques are 
suggested for ut f l l z'l ng the data produced I n  test i ng the hypotheses 
of the study . 
I .  The Dec i s i on P'ode l or Mu l t i -Per iod Programmi ng �de l 
Formu l at i on of the 1 5  yea r  l i nea r p rogrammi ng mode l I s  a rather 
stra i ghtforward p rocedure.  Essent i a l l y , the mode l cons i sts of 1 5  
one-yea r, l i near .p rogranrnl ng mode l s  w i th the r i ght-hand-s i de for 
the I n i t i a l year be i ng constructed from the hypotheses of the 
ana l ys i s ,  and r i ght-hand-s i des for subsequent years are deve l oped 
through the use of "transfer equat i ons . "  The "transfer equat ions" 
then, fac i l i tate the recurs i ve re l at i ons that exi st w i th i n  the mode l . 
The f i rst three years of the mu l t i -per iod l i near p rogramnl ng mode l 
are p resented I n  Tab l e  I .  The matr i x  of coeff i c i ents for the com-
p l ete 1 5  year mode l I s  t r i angu l a r  so that th i s  shortened three year 
vers i on w f  1 1  I nc l ude a l l of the I n format ion cr l t l ca l  to the construct i on 
of the ent i re mode l . The f i rm dec i s ion mode l cha racter i zed I n  the 
mu l t i -per iod l i nea r p rogranrnl ng tab l eau  presented I n  Tab l e  I I s  
reasonab l y  a bstract. Th i s  rather severe s l � l l f l c l at l on or abstract i on 
of the actua l f i rm dec i s i on s i tuat ion I s  rat i ona l i zed on two counts . 
1 '1ne data used I n  construct i ng the mu l t l -per l od tab l eau and the 
data wh i ch were the bas i s  for the d i str i but i ons used to generate year l y  
y i e l d  I nformation a re  not d i scussed . A coff1) 1 ete descr i pt ion of the 
ana l ys i s may be found  I n  the fo l l ow i ng reference . Stan l ey R. Johnson , 
"A Mu l t i -Per iod Stochasti c t-t'>de l ,Or S i mu l at i n g  F i rm Growth ," Ph . D. 
d i ssertat ion I n  p rogress , to be submitted to the Graduate Schoo l at 
Texas A&M Un i vers i ty .  
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F t rst,  the over-a l I mode l I s  an exp l oratory one and thus nore emphas i s  
was p l aced on t rnp l ementat lon o f  the techn i que than upon ach i ev i ng 
rea l t sm I n  the resu l ts .  Essent i a l l y ,  the study was undertaken w i th 
a p ri mary object i ve of  formu l at i ng and test i ng a techn i q ue that wou l d  
be of  use I n  the ana l ys t s  of the growth of agri cu l tura l  f i rms under  
l ess than certa i n  s i tuat i ons . The secondary object i ve was to ach i eve 
rea l l st l c  resu l ts .  Second l y ,  computer t i me  I nvo l ved I n  the so l ut ion 
of these stochast i c  type l i near progranml ng mode l s  by s i mu l at i on 
techn i que I s  substant i a l . Therefore , the s i ze of the noda l and con­
sequent l y  the rea l i sm of the mode l were part i a l l y  a funct i on of the 
ava l l ab l l l ty of  computer t i me. 
Pre l l m l na ry mode l s  were so l ved that conta i ned other product i ve 
act i v i t i es i nc l ud i ng l i vestock ( stocker feeder) , rented l and , and 
a l ternat l ve techn i ques for cotton and gra i n  sorghum p roduct ion . 
The l i vestock a l ternat i ve wes cons l stant l y  I nfer i or to crop a l terna­
t i ves . The sk i p-row method of p roduc i ng cotton seemed super ior to 
the 40 I nch row method I nc l uded I n  the mode l . However,  y i e l d  data 
from th i s  type of p roduct ion pract i ce were so l i m i ted that I t  was 
I mposs i b l e  to est i mate w i th reasonab l e  con f i dence average y i e l d  and 
y i e l d var l ab l l l ty .  Due to the data I I m i tat i on the 40 I nch row 
product i ve techn i que was used for cotton . 
W i th i n  the f i rm  dec i s ion mode l dep i cted I n  the tab l eau  I n  Tab l e  
there are two dec i s ion a l ternat i ves for the f i rm I n  each yea r. 
I • To produce 
2 .  Not to produce 
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* Y. 1 
Y.2 
Y 1 1 
Y 1 2  
Y 1 3  
Y 1 4  
Y 1 5  
Y 1 6 
Y 1 7  
Y 1 a  
Y 1 9  
Y2 1 
Y22 
Y23 
Y24 
Y25 
�26 
Y27 
Y2a 
Y29 
Y3 1  
Y32 
Y33 
Y34 
Y35 
Y36 
Y37 
Y35 
Y39 
Yoo 
.. 
Tab l e  I -- Shortened Vers i on of S i mu l ated Dec i s i on �de l For The F i rm 
Object i ve Funct i on I 
Object i ve Funct i on I I  
Land Own 
Expense 
Gross Retu ms Cotton 
Gross Returns Gra i n  Sorghum 
Operat i ng Cap i ta l  
Mach i ne ry  Cap i ta l · 
Cred i t  Reserve 
I ncome Tax & C.Onsumpt l on 
Accumu l ated Worth 
Land Own 
Expense 
Gross Retu ms Cotton 
Gross Returns Gra i n  Sorghum 
Operat i ng Cap i ta l  
Mach I nery Cep I ta I 
Cred i t  Rese rve 
I ncome Tax & C.Onsumpt l on 
Accumu l ated Worth 
Land Own 
Expense 
Gross Retu rns Cotton 
Gross Returns Gra i n  Sorghum 
Operat i ng Cap i ta l  
Mach i nery Cap i ta l  
Cred I t  Reserve 
I ncome Tax & Consumpt i on 
Accumu l ated Worth 
Re i nvestment I ncome 
**X 1 , 1  
x ,  ,2 
x , , 3  
x , , 4  
X 1 , 5  
x, , 6  
x , ,7 
x, ,8 
x, ,9 
x, ,  1 0 
X 1 , 1 1  
X2 ,  I 
X2 ,2  
X2 , 3  
X2 ,4  
X2 , 5  
X2,6 
X2,  7 
X2 ,8  
X2,9 Xi, 1 0  
HEAD I NGS 
Cotton . 35 Gra i n  Sorgh um 
.65 Land Owned 
Mach i nery Purchase 
Operat i ng Cap i ta l  Purchase 
Land Purchase 
I ncome Tax & C.Onsumpt t on 
Trans fer  Retu rns Less Harvest 
Costs Cotton 
Transfer  Returns Less Harvest 
Costs Gra i n  Sorghum 
Transfer Expense Cotton & 
Gra i n Sorghum 
Transfer  Un-used Cred i t  Reserve 
Bad Yea r W l th d rawa l From 
Cred i t  Reserve 
Accumu I ated Worth of  F l  rm 
C.Otton . 35 Gra i n  Sorghum 
. 65 Land Owned 
Mach i nery Purchase 
Operat i ng Cap l ta l  Purchase 
Land Purchase 
I ncome Tax & Consumpt i on 
Transfer Returns Less Harvest 
Costs Cotton 
Transfer Returns Less Hau l i ng 
Costs Gra i n Sorghum 
Trans fe r  Expense C.Otton & 
Gra i n  Sorghum 
Trans fer Un-used Cred i t  Reserve 
Transfer Un-used Operat i ng Cap i ta l  
**X2 1 1  , 
X2,  1 2  
X2 ,  1 3 
X3, I 
X3
1
2 
X3 3 , 
X3 14 
X3,5  
x3,6 
X3 1 7 
X3,8 
X3
19 
X3 , 1 0 
X3, 1 1  
X3,  1 2  
Mach i nery Se 1 1  
Bad Yea r W l thd rawa l f rom 
Cred I t  Reserve 
Accumu l ated Worth of F i rm 
Product i on Act i v i ty Cotton & 
Gra i n  Sorgh um 
Mach i nery Purchase 
Operat i ng Cap l ta l  Purchase 
Land Purchase 
I ncome Tax Consumpt i on 
Transfer Returns Less Harvest 
Costs Cotton 
Trans fer Returns Less Hau l l ng 
Costs Gra i n Sorghum 
Transfe r  Expense Cotton and 
Gra t n Sorghum 
Transfe r  Un-used Cred i t  Reserve 
Transfer  Un-used Operat i ng Cap i ta l  
Mach I nery Se I I 
Bad Yea r W i thd rawa l From Cred i t  
Reserve 
x3 1 3 Accumu l ated Worth of F i rm 
Xo 'o Re I nvestment I ncome , 
**X1 I , 
y • 1 
Y.2 
Y1 I 1.00 
Y12 9.91 
Y13 17.95 Y14 
13.60 
Y15 4.28 
Y16 12.16 
Y17 9.91 Y18 
Y19 9.91 
Y21 
Y22 
Y23 
Y24 
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The restrtctton of the decision set of the ftrm ts basically a result 
of the fact that only one productive activity was Included for each 
year. This means that no choice among alternative production 
techniques was al lowed In the rrodel. Two criterion or obj ective 
functions were used to characterize entrepreneur' s behavior. They 
were C l) maximization of reinvestment Income defined according to 
equation Yo, o and activity Xo, o In the tableau , and (2) maximization 
of accumulated firm as s et value as defined In equation Y3 9 and activity , 
X3 , 13 In the tableau . When subtracted from the initial asset position 
the latter obj ective f unction ts Interpreted as the growth of the 
firm over the 15 year period. 
Enterprise budgets for cotton and grain sorghum were used In 
construction the Income producing activity . Coefficients of the 
productive activity In the transformation matrix were constructed 
by weighting the appropriate Items In the cotton and grain sorghum 
budgets by . 35 and . 65 respectively . The firm was as sumed to purchase 
machinery In units, each of which ts defined as a dollar' s worth of 
hon:>geneous machinery of constant productivity . Similarity of pro-
ductlve methods for cotton and grain sorghum was the basts for this 
as s umption. Al I charges for machinery except the cost of machinery 
capital are carried in the productive activity . Machinery selling 
was pos sible with the salvage price of average machinery set at two-
thirds the credit reserve necessary to secure it. Land was assumed 
to be p urchased on a 20 year contract. Q:>nstant yearly payments of 
$20. 92 were required to retire the debt anortized over a period of 
20 years . For each of the 20 yearly payments the average Interest 
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cost was $8 • .42 and the average principal retired was $ 1 2. 50. If 
mo.re years would have been Included in the model the actual I nterest 
costs and principal retired for each year would have been used 
Instead of the average. Realism In this case was sacrificed In favor 
of an attempt to make the model representative for farm owners of a ll 
ages wt th l n It I a I assets s i mi I ar to those assumed in the mode I, not 
those with J ust 1 5  years to retirement. Provision for income tax 
and consumption withdrawals from the 'Credit reserve was a lso Included 
In the multi-period model. Withdrawa l for tax and consumption was 
assumed to be $. 65 of every dollar of net income above the 
$3, 000 constant value of the consumption function. The actual 
consumption function, for disposable income (net income less tax), 
can be derived as follows : 
and 
or 
where 
We = .40 C l)= C 
Wt = . 25 C l) 
c = b C l-Wt) 
. 40 C l)= b [ 1 -,25 C l> ]  
b - - . 40 = .533 
= net income -3000 
We = withdrawal from net income for consumption 
Wt = withdrawal from net income for tax 
c = amount of variab le income after taxes 
b = margina I propensity to consume income 
The consumption function in terms of disposab le income is then : 
C = $3 ,000 + . 533 (I-Wt) 
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consumed 
after taxes. 
() 
Gross income from the two crops, cotton and grain sorghum, and 
expenses incurred in the production of the two crops are carried 
forward from the year in which production takes place to the subsequent 
year through transfer equations and activities. It is in these 
transfer equations that the stochastic element of the rrodel is made 
operational. In table I the betas and gammas on the coefficients 
of the transfer activities represent a correction factor that is 
generated from the yields distributions assumed for cotton and 
grain sorghum. The method of deriving these coefficients from the 
assumed distributions is the subject of the next section of the 
paper. 
One final note should be made in regard to the format of· the 
firm decision model as i i  lustrated in Table I. This is a perfect 
knowledge rrodel. Since the equations are solved simultaneously the 
decision making unit portrayed in the rrodel is in effect in the 
position of al locating resources on the basis of variable yields but 
with perfect knowledge of the exact yield on any given year within 
the model. Estimated firm growth, therefore, may be somewhat high 
since within the rrodel the decisions are made with perfect knowledge. 
An alternative model could be formed with decisions being made on 
less  than perfect knowledge to estimate any difference type in 
conclusions that might occur. A method for formulating and solving 
the model suggested above wil I be presented later. 
I I. The Stochastic Element of the Multi-Period Programming �,bdel 
The parameters of the decision rrodel that are postulated as 
probabi I ity distributions are cotton and grain sorghum yields. The 
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i mp I i c i t  assumpt i on i s  that mo�t of the var i ab i  I i ty assoc i ated w i th 
the operat i on of the farm f i rm i n  the H i gh Pla i ns dry l and area results 
from the var i ab i I i ty of y i e Ids. Poss  i b I y a s i mp I e exa, 1 1p I e of the 
type of problem that re�ults from the as sumpt i on of var i able y i eld s 
w i  1 1  serve to clar i fy the nature of model actually solved w i th i n  the 
study. The prob l em i s  of the form : 
S u bj ect to 
A I IX I + A 1 2X2 + 
A2 1 X 1 + A22X2 + · 
and x i > 0 for i = I , 2 ,  . . • , n • 
In essence th e alterat i on th at makes the model stochast i c  i s  the 
as sumpt i on that some of the A i i  ' s  are not cons . ants b ut that they 
are dens i ty funct i ons . Sup pose i n  th i s  s i  . .  .plc r:odel the coe f f i c i ent 
A 1 1  i s  a s s umed  to h ave the d i st r i but i on N ( A 1 1 , sA I I ) .  Th i s  could 
be wr i tte n eq u i va l en tly as  A i 1 + U wn ere µ i s  d i str i b uted as N (0 , 1 ) .  
Thus, the stochast i c  I i nea r programm i n g model i s  s i rn i lar to the 
ord i nary I i near programm i n g model except th at  some o f  the  A ;  i 1 s h c::i ve 
probab i I i ty d i str i but i ons.  The solut i on of l i near p rogramm i ng 
models that have stochast i c  elem0nts i n  the trans torr1ot i on ma tr i x  
i s  somewhat d i ff i cult � espec i ally for lc::rgc models . I n fact aT ' 
present there ex i st no  general Tech r i 1 q ues  fo r f i n d i n g opt i mu m so l u t i ons 
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to prob l ems of this type. 1 9 One method of approximating so l utions 
to these stochastic prob l ems is simu l ation. 20 This is a method whereby 
the prob l em is so l ved a number of times , each time with the stochastic 
e l ements in the transformation matrix at a specific va l ue generated 
from the assumed probabi I ity distribution by a random draw. This 
method wi I I y ie l d  an approximation to the exact so l ution o f  the 
prob l em whose preciseness is a function of the number of times the 
prob l em is so l ved or repeated. Convergence of the approximate 
so l ution to the true so l ution depends upon the particu l ar rrode l 
invo l ved. 
As noted ear l ier, the yie l ds are assumed to be the stochastic 
e l ements in this ana l ysis. To so l ve the stochastic programming pro-
b l em by simu l ation or the �bnte Car l o  Method, it is necessary to 
formu l ate a method for random l y  drawin g  specific yie l ds from the 
assumed distributions  associated with them. This procedure is 
out l i ned in some detai I be l ow. The assumed distributions of crop 
yie l ds used i n  the ana l ysis were based on empirica l series gathered 
at the Lubbock Agricu l tura l Experiment Station. Soi I, moisture, 
temperature and grow i n g season at Lubbock are representative of the 
study area. The initia l yie l d  series was mu l tip l ied by a set of 
1 9G. Had l ey, Non i inear and Dynamic Programming, Addis ion-Wes l ey 
Pub l ishing Company, I nc. , Massachusetts, 1 964, p. 1 58- 1 8 1 .  
20vJhen mathematicians use th i s  type of process it is frequent l y  
ca I I ed the f'-bnte Car I o  tJethod. Thomas L. S aaty, Mathematica I Methods 
of Operat i ons  Research, McGraw - Hi 1 1  Book Company, Inc. , New York, 1 959, 
pp. 292-295. 
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constant prices, $1. 50 per hundreweight for grain sorghum, $29. 00 
per hundreweight for cotton I int, a nd $45. 00 per ton for cotton 
seed and corrected for the harvest and hauling costs that are based 
on the arrount of the crop harvested or the yield of the crop. The 
yield series had been collected over a period of 31 years, 1927 
21 through 1957. The mean and variance for the grain sorghum series 
were $22. 04/acre and 163. 92/acre respectively. The cotton mean 
was $51. 34/acre and the variance was 710. 90/acre. Since cotton 
a n d  grain sorghum yields are both I in ked by a mutual cause, weather, 
the yields must be considered as a bivariate distribution a nd another 
parameter, the correlation coefficient, is necessary. The correlation 
coefficient wa s estimated from the two yield series as 48. 
The procedure of generating varieties from particular probability 
distribution is based on one of the fundamental theorems of theoretical 
statistics. The theorem is: "any density for a continuous variate 
� may be transformed to a uniform densityf(y)  = I for O<y< t 22 
by letting y = G (x) , where G (x) is the cumulative distribution of x". 
The imp I ications of this theorem for the generation of va riates 
from specified distributions stems from the fact that the inverse 
of this theorem is true for rrost types of distributions. Unfortunate l y, 
the inverse cannot be stated as genera l l y as the theo rem and wil I 
21For rrore detailed description of the procedure used in constructing 
the yield series see s. R. Johnson and K.  R. Teferti I l e r, Estimating the 
Influence of Diversification on  Fa rm Income Variabi l ity, Texas Agricultural 
Experiment Station, M. P. 75 1 ,  December 1 964 . 
22Alexander M. rvbod a nd Frankl in A. Graybi l I, Introduction to the 
Theory of Statistics, McGraw-Hi I I Book Company, Inc. , New York, 1963, p .  122. 
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have to l)e dons s pec i a I I y for d i s  t r  i b u i" i ens as s LW"if: d i n  T r "1 C t<>jr:d . 
The bas i c  ty p '� o f  d i s t r i b ut i on that is a s s ur-:c rj fe r cen 02 rat i or 1  u f  
the obse rvat i ons fo r the rnu l t i -oe r i od mode l  i s  21 l·_; ; v(:, r i <1 "i-c 
n0 rma l d i st r i b ut i on .  Th e p roc(:�d u re deve l opr-; ci bc l cY'.' f rJ r  cr:: n r.:::: r;J t i n q 
tho v2i riates f ror: tho specif i c  c; L; t ribut i ons  con s i s ts o -f ·t-.,10 s 'l"e :-i s . 
dist ribut i on and a r r i vin q at  two d 0viates f ro� � s ta n d a rd normal 
d i st r i b u t i on i s out I i n e d • I n s t (� r; two , the ·h··J o s t  ,:H i d a rd nor  ma I 
dev i ates qnne rated in s tep one a re t ransfo rtT\:� ci i n 'l 'o dcv i .:) h_;s of the 
biva riate normal dist ribution of the mean  va r i ance  s u9�csted  by the 
empi rical data �1ath e rcd  in rn��a rd tc th i s  r 2: dicu l a r  p roblem . 
Step One : 
I t  i s  advani aqoous  to st a rt thu p roces s of  qenc rat i on o f  va r i ates 
f rom the rectanqu l a r d i s t r i b ut i on .  The a cJ va n ta r,o stems f rom the 
( a I most ob v i o us ) re I at  i on s h  i p b c h:e c-: n th (� n) ct a n  (1 u I c1 r d i st  r i b u t i on 
and random numbe rs . The ch a racte r i s t i c  of the rectangular dist ribut i on 
that sugqests its re l ationsh i p  to ran dom or  p s EJ u do random numbe rs 
is i I lustrated be l ow .  Given 
f ( y ) = I , ( for O< y< I ) 
0 
f ( y )  
a b 
The p robab i I ity of d rawing an obse rvat i on f rom the i nte rval (a , b )  
is exactly eq ua l ,  rega rdless of the position of the inte rval on the 
( 0 , 1 )  portion of the y-axis . I n  essence al I this means that the 
p robabil i ty of selecting the interval in one position is equival0nt 
to that of se l ecting the inte rval in any othe r pos i tion . Now it 
fol lows that the relat i onsh i p between random numb e rs and the rectangula r 
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distribution of unit l ength is that every random number is a variate 
of the unit rectangu l ar distribution. The interva l (a, b) or 
p robabi l ity of generating a p articul ar number is then a function of 
the p recision specif i ed or synonymousl y  the number of re l evant p l aces 
to the l ef t  of the decima l .  Therefore, in finding the function nee-
essary to transform a variate of a unit rectangu l ar distribution 
into a variate of a standard norma l distribution a method is auto-
matica l l y  generated that wi I I transform a random number into a 
variate of a standard norma l  distribution. Reca l  I that at the outset 
the objective was to generate deviates of a standard norma l distribution. 
An e f ficient method of achieving this obj ective is out l ined be l ow. 
"Let u 1 , u2 be independent random variab l es (random numbers) 
f rom the same rectangu l ar density function (distribution) on 
the interva l (0, 1 ). Consider the random variab l es: 
Y = < -2 Loge u 1 >
1 12 Cos 2IT U2 
Y2 = C -2 Loge u1>
1 12 Sin 2IT u2 
Then < Y 1, Y2) wi l I be a p air of independent random variab l es f rom 
the same normal distribution with mean zero and unit variance. 11 23  
This conc l usion can be demonstrated in the fo l  l owing manner. From the 
above equations the fo l  l owing inverse re l ationships can be obtained. 
U = e -C Y 2 + Y 2 > 
f I 2 
2 
23G. E. P. Box and Me rvin E. Mui l er .  "A Note on the Generation of 
Random Norma l Deviates, " The Anna l s of Mathematical Statistics, Vo l . 
2 9, No. 2 (June 1 958), p .  6 1 0-61 I .  
1 10 
y2 u
2 
= -l/2n arctan 
v;-
I t  fol lows that the joint density of Y1Y2 is: 2
) t < Y 1 , Y) = l /2n e - C Y 1 + Y2 l = �/fin e - � • 
= f C Y  I ) • f C Y2 > 
or that Y1, and Y2 are two independent standard normal deviates.
24 
25 Step Two : 
Given the two standard norma l deviates y � N C O, ln > from above, 
find the variates that represent the distributions that were hypothesized 
for the crop yields. "Let y be distributed N C O, I n > ( I n is the unit 
matrix of size n) and let X = Cy. Then x is distributed N CO, CC' > . "26 
Now let CC' be equal to E ( the variance-covaraince matrix derived 
from the empirical observations of crop yields) . 
�-,,,,---- -
-<'.:__J 
all 12 • • •  aln 
a21 22 • • •  a2n 
anl an2 • • •  amn 
24G. E.P. Box and fvervin E. Mui ler, A Note on the Generation of Random 
Normal Deviates, Statistical Techniques Research Group Section of Mathematical 
Statisti cs, Department of Mathematics, Princeton University, Technical Report 
No. 8 C December 1957) , p. 1-3. 
25Matrix Notation is used in this exposition. I t  lends to the simplicity 
and genera I i ty. 
26Ernest M. Scheuer and David s. Stoller, "On the Generation of Normal 
Random Vectors, " Technometrics, Vol. 4, No. 2 ( May 1962) , p. 278. The 
method outlined in this step fol lows this article closely. 
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The matrix CC' l s  unique and readily determined i f  we choose C to 
be lower triangular. 
Example: Suppose we want to generat�:�with mean��) 
and variance - covariance 
Let C 
Fol lowing the procedure outlined above 
pa l�2 
a 2 2 
I. Generat���
1- N (O, In> (Two standard normal deviates) 
2. Let x 1 - a If 1 + u 1 
3. 
By programming the suggested routine on a computer and uti Ii zing some 
techniq ue of generating the random numbers (pseudo-random numbers) 
within the machine, it is possible to start with the two empirically 
estimated distributions and generate literally an uni imited number 
of variates. c : early, then the only remaining operation necessary 
1 1 2 
is fitting the observations generated from by the method outlined 
above for the multi-period decision nodel. This is done merely by 
expressing generated variates as a percentage of their respective 
means. After the generated variates are expressed as perce-ntages 
of their respective mean they become the betas and gammas used to 
"correct" the gross income from operation of the farm firm as it is 
carried forward from one year to the next. 
II I. Exponential Srroothing Serial Correlation in Yields, and Optimal 
Decisions For Firm Growth 
One of the objectives of the analysis was to attempt to determine 
the nature of the effect of serially correlated yields for the two 
crops on the optimal growth path of the farm firm. Much of the criticism 
that has been directed at farm management research -- especially in the 
Great P lains -- has as its basis the fact that nost of the farm 
management research has failed to take this fact into account. 27 
Researchers, usual ly, select by some means or another an average and 
in doing so comp letely disregard any effect that serial correlation 
In yields of even prices might have on the conclusions or their analysis. 
Examination of the yield series used in this analysis suggested 
the existence of serial correlation. Note in Figure I. The 
non-random character of the shift through time from re latively good 
to relatl vely poor years is taken as evidence of serial correlation. 
27Howard w. Ottson, Ed. , "Management Strategies in Great Plains 
Farming", Great P lains Counci I Publication No. 19, University of 
Nebraska Agricu ltural E xperiment Station, �. 7, August 1961. 
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Due to this evidence of serial correlation at attempt was made to 
introduce it into the yield generation mechanism and to examine its 
effect on the movement of the firm through time. The technique utilized 
for introducing the auto-correlation is exponential smoothing. 28 
Essentially, it is just a rather crude but quite operational method 
for introducing a systematic relationship between years. The technique 
of exponential smoothing has b een used quite successfully in inventory 
and analysis and other prob lems of industrial engineering concerned 
with time series and forecasting. 
Again it may be  useful to set forth a simple example prior to 
superimposing the technique on the method used to generate the specific 
values of the transformation matrix coefficients used in solving the 
stochastic programming problem. 
Let the definition of the sroc,othed function of an observation be: 29 
s
t 
( X) • o<.Xt + ( I - c<:) st- I ( X) 
where: °"-= smoothing constant 
xt = the observation or variate in period t 
t = I ,  2, • • •  , n and n = number of periods. 
The expected value of this function: E [S (X)] is E (X) and thus 
smoothing scheme does not dest roy the theoretical structure of the 
model. When this technique Is altered slightly and superimposed 
28 Robert Goodel I B rown, Smoothing, Forecasting, and Prediction of 
Discrete Time Series (New J ersey : Prentice Hal I ,  I nc. , 1 96 3 ) . P. 9 1- 199. 
291bid. , (Brown), p. 100- 102 . The entire discussion para I lei s the 
noted passage in B rown quite closely. 
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upon the method of generat i ng var i ates f rom the b i var i ate d i str i but i on 
assumed I n  the mode l , the fo l l ow i ng ffk>d l f l cat l on I s  ach i eved .  Note 
that the smooth i ng techn i que has been er11> l oyed so that the means of 
the d i str i but i ons  f rom wh i ch x 1 t  and Xzt are drawn ref l ect the prev i ous 
draws xt- i , 1 and Xt- l ,  2 • 
As before : 
x 1 • a 1 v 1 + u 1 
Xi .  pazY 1 + a2 P Y2 + Uz 
and then 
x 1 t = a 1 v 1 + u 1 + C l -4 X i t- l 
lS!t = pa2Y I + 02 p y 2 + °'-U2 + C l -o<) lS!t- 1  
where the second subscr l p on the X' s  refers to the t i me  per iod 
for wh i ch th i s  var i ate I s  generated . 
The est i mat i on of the va l ue of the smooth i ng coef f i c i ent 
f rom the emp l r l ca l  data used as a background I s  not part i cu l a r l y  
d l ff t cu l t .  The def l n tt t ona l equat i on can be so l ved foro<:. 
F i rst rewr i te the def l n l t l ona l equat i on 
and 
st ( X) - st- I  ( X) = o<:[� - st - I ( X) ]  
I\ S C X) - St C X) o<: = t - I  
x; - St- I <X> 
Search through the data for a group of observat i ons that are of approx i mate l y  
the same magn i tude .  Let th i s  ser i es be  Xt- l  and i ts mean be  St- I  C X> .  
Form another ser i es of the observat i ons that are l agged one t i me  per iod 
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from each observation tn the initial  series ><t• Let the mean of Xt be 
St CX) and utilize  this I nformation from these two series to approximate 
the value-<. Estimated values for o<:. that were found in the yield series 
were consistent ly between .9 and . 7. Thus, these values were chosen as 
those to be I nc luded I n  the simu lation analysis of the firm. 
I V. Summary and Suggested I nterpretations of Resu lts. 
I n  simu lating the behavior of the farm firm in the high p lains 
of Texas through time the obj ective was to gain some insight I nto 
the particu lar factors (cited I n  the I ntroduction) that I nf luenced 
the abtllty of the firm to accumu late assets or gain in net worth 
(defined as growth). Due to the high variabtllty of yields in the 
area it was conc luded that an ana lysl s of the growth process that 
left this factor out wou ld have litt le practical value. The inclusion 
of a method to account for yield variabf llty I n  the mu lti- period decision 
model  for the firm caused f t  to be stochastic. Since a linear programming 
ffk)del  was chosen to approximate the mu lti-period decision m:>del hypothesized , 
there appeared the problem of solving a stochastic linear programming 
probl em. Due to the rather low precision dema nds on the resu lts and 
the fact that no simple logarithm was available for the solution 
of this problem a decision was made to approximate I ts solution by 
what I s  cal l ed the t-t>nte Carlo Method. The resu lts of this stochastic 
model  or I ts solutions are I n  terms of probability dlstribut f ons. One 
of the major resu lts of the study I s  attained by a sytemattc co�arison 
of the respective means and variances of these solutions. By evaluating 
these sol utions I nsight can be gained about relative ln.,ortance of the 
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factors that contribute to growth or the ability of the firm to increase 
in net worth. Once the model is formed the only limit to the precision 
and number of tests of this type performed is computer time. 
Another type of test that may be used to summarize the results 
of the simulation of firm behavior is one which may help to gain 
Insight into the type of fun ctional relationship that exists between 
the factors hypothesized as affecting firm growth. I n  abstract terms 
growth X may be postulated as being a function of several factors, 
say a, b, ••• , z, so that it might be written 
X = f C a, b, • •• , z). 
By solving the simulation model of the firm it is possible to approximate 
the surface that is represented by the function either in its totality 
or in part. For example it may be quite interesting and useful to know 
the relation ship that exists between the constan t of the Keynesian type 
con sumption function , the marginal propensity to con sume and the ability 
of the firm to accumulate assets over time with other factors held 
constant in the growth function. This surface might reveal some informa­
tion of significant value for both farmers and policy makers. Other 
such partial function al relationships are possible. Some of these are 
approximated with a few points in the fol lowing section on the results. 
The two types of tests suggested here have certainly n ot exhausted 
the possibilities that exist . They just seem to be the more obvious 
an d are unique to this particular formulation of the problem. Other 
data generated in the solution of the simulation model may prove to 
be rrPre useful. However, the point to be made here is that the type 
of results suggested above are a step beyond those that farm manage-
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ment peop l e  seem to be offer i ng  po l i cy makers and farmers today . 
PREL I MI NARY RESULTS 
Data obta i ned f rom success i ve so l ut f ons of the s f mu l ated mu l t i ­
per iod mode l are p resented be l ow for some of the f i rm s i tuat ions 
exam i ned . Accumu l ated wea l th I s  used as the cr i ter i on for eva l uat i on 
of the resu l ts .  Other var i ab l es I n  the so l ut i on such as l an d  purchases , 
net I ncome to the f i rm per year, consumpt i on and etc .  have stochast i c  
terms assoc i ated w i th them and ,  i n  fact, may meri t I nterp retat i on 
as resu l ts of  the study . However, the d i scuss i on here I s  l l m l ted 
to the ab l l f ty of the f i rm to accumu l ate wea l th over t i me wh i ch I s ,  
accord i ng to the def i n i t i ons used i n  th i s  ana l ys t s ,  the p r i me 
cons i derat ion I n  desc r i b i ng the growth of f i rms over t i me . The resu l ts 
are p resented I n  two parts. F i rst, the resu l ts of fou r  f i rm s i tuat ions 
se l ected for d l sa.ss l on are set out and sunnarl zed . Then , a compar i son 
of these f i rm s i tuat i ons I s  made as a bas i s  of I nd i cat i ng the re l evance 
of th i s  type of I n format i on for growth dec i s i ons of H i gh P l a i ns 
Dry l and  farmers .  A l though qu i te poss i b l e no stat f st l ca l  tests are 
performed on the resu l ts .  The resu l ts are p resented I n  crude form 
and  ma i n l y w i th the object i ve of I nd i cat i ng the types of I n format i on 
that the mode l I s  capab l e  of produc i ng .  
S i tuat i on I 
The f i rm s i mu l ated I n  connect ion w i th th i s  f i rst s i tuat i on I s  
cha racter i zed I n  the fo l l ow i ng assumpt i ons . 
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( I) In i t i al asset pos i t i on :  320 acres of land owned and $50, 000 
of cred i t  reserve . 
(2) Consumpt i on funct i on :  Y = a + bX , a = $3, 000 = subs i stence 
level of consumpt i on, b = . 533  = marg i nal propens i ty to 
consume net i ncome after taxes . 
{ 3) Income tax rate : the average tax rate on net farm i ncome 
was assumed to be 25 percent . 
{ 4) Techn i cal relat i onsh i ps w i th i n th e f i rm :  th ese are c haracter i zed 
i n  Table I .  
( 5) Investment po I i cy :  each do I I ar i nvested by the f i rm was 
assumed to be backed by one dollar of cred i t  reserve -- no 
borrow i ng on the ant i c i pated crop was perm i tted . 
(6) Crop y i elds and var i ab i  I i ty : both cotton and gra i n  sorghum 
y i elds were assumed to be d i str i buted normally w i th the 
means , var i ances and correlat i on coeff i c i ent - i nd i cated i n  
th e  prev i ous sect i on .  The smooth i ng coeff i c i ent was entered 
at the levels 1 . 0, . 9 , . 7, . 7  i nd i cat i ng the h i ghest 
degree of ser i al correlat i on .  
(7 ) Obj ect i ve fun ct i on or beh av i oral assumpt i on for f i rm operator : 
max i m i z at i on of accumulate d wealth . 
The 1 5  year mode I of the fa rm f i rm descr i b ed by the above ch aracter i st i cs 
was solved 20 t i mes us i na y i eld var i ates generated from the as sume d 
d i str i butors to f i nd an ap prox i mat i on  of the true solut i on .  Only 
a I i m i ted number of rep I i cat i ons were needed  to ap prox i mate the solut i on 
w i th reasonable accuracy . The rather ea sy aoprox i mat i�n of the solut i on 
was proba bly a funct i on of the  I i m i t at i ons on the dec i s i on set of 
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the firm operator. A summary of the yearly solutions to the multi-period 
stochastic model representing this situation is presented in Table 2. 
In this table, the yearly expected accumulation of wealth is presented 
along with its standard deviation for the firm under each of three 
levels given the exponential smoothing coefficient. Appearing in the 
last column of the table is yearly tally of the increase in wealth 
when the means of distrib utions of cotton and grain sorghum are inserted 
as the realized yields for each year. The solution of the firm 
model under these conditions wi I I be treated as a control in the pre­
sentation of the results. A comparison of the yearly means for each 
o<level with the control serves as a measure of the recuction in the 
abi I ity of the firm to grow caused by the introduction of yield 
variabi I ity. The reflection of yield instabi I ity on the accumulation 
process is particularly evident in the years 10 to 15. Variabi I ity 
of exp6cted yearly accumulation represented by the three standard 
dev i ation columns in Table 2, is surprisingly similar for each of 
the levels ofoC. Apparently the effect of serial correlation 
on the multi-period growth model as depicted in this situation is 
alrTOst negligible. Also, note that the ratio of the mean to the standard 
deviation decreases at the number of years increase. This is due to 
the fact that the rTOdel is recursive. The recursiveness of the rTOdel 
causes the effect of yield variabi I ity to be compounded as the number 
of years increases. Another rather subtle fact revealed in the data 
from the model is concerned with the constant value within the 
consumption funct i on. It is interesting to speculate as to the reason 
for the increasing yearly additions to the wealth accumulated by 
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the firm. The magnitude of the constant term In the consumption function 
which represents a constant capita l withdrawa l seems to contribute 
substantially to this uneven Increase in wealth accumulation. This 
conclusion Is not particularly apparent In the resu lts presented. 
However, it results f rom the fact that in the beginning years the 
constant withdrawal is almost of the same magnitude as net income 
after tax. Results of both stochastic and non-stochastic multi-
period growth rrodels seem to be quite sensitive to constant capita l 
withdrawals. The prominence of this factor in the accumulation 
process becomes even rrore evident as the results of subsequent firm 
Situations are examined. I n  Figure 2, the growth or accumulated 
wealth for both the simulated and control firm is plotted against 
the years within the rrodel for comparison and to i I lustrate the eff ect 
of instable yields on the so lution of the rrodel. Fluctuations in 
first few years in this figure should be discounted since they are 
primarily due to a peculiarity in the formulation of the rrodel--the 
fact that no machinery was included in the initia l assets of the 
firm. Finally, the data summarized in Figure 2 can be used as an 
alternative basis for inferences regarding the importance of 
serial correlation in yields on the ability of the firm to accumulate 
wealth over time. The failure of the means associated with each of 
the yearly levels of accumulated wealth could be taken as strong 
evidence in support of a hypothesis that serial correlation In yields 
is a somewhat insignificant consideration for farm firms as they 
rrove over time. Again, strong conc lusions must be tempered by the 
fact that the decision set of the firm was severely restricted. 
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Yea r  Accumu l ated 
Mean 
I $49 , 2 7 1 
2 50 ,002 
3 49 , 450 
4 5 1  , 592 
5 53 , 745 
6 56 , 60 1 
7 56 , 557 
8 57 , 989  
9 59 , 275 
1 0  6 1 , 035 
I I  64 , 9 1 4  
1 2  67 , 875 
1 3  72 , 1 46 
1 4  78 , 42 1 
1 5  83, 988 
Tab l e  2 ,  S unrna ry of the S i mu l at i on Res u l ts 
for the Farm F i rm Cha racte r i zed by S i t uat i on I .  
Wea l th = I Accumu l ated Wea l th = . 9  Accumu l ated 
Standa rd Standa rd 
Dev i at i on Mean Dev i at i on Mean 
$ 2 , 438 $49 , 1 4 1  $ 3 ,235 $49 , 266 
4 ,679 50 , 988 5 ,0 1 5  50 ,033 
4 ,  1 09 50 , 829 6 , 750 49 , 576 
3 , 625 5 1  , 3 1 1 8 , 370 5 1 , 925 
7 , 704 52 ,604 1 0 , 7 1 5  54 , 1 34 
8 , 734 53 , 76 1  I I , 795 56 , 936 
9 , 066 56 , 893 1 3 , 335 57 , 069 
1 1 ,  1 75 58 , 509 1 6 , 875 58 , 342 
1 0 , 560 6 1 , 2 1 9  1 8 , 405 59 , 760 
1 3 , 279 64 ,207 23 , 1 55 60 ,256 
1 6 ,232 64 , 9 1 2  26 , 1 40 65 , 839 
1 8 , 789 69 , 443 29 , 380 69 , I 05 
22 , 728 7 1  , 598 29 ,685 74 , 1 89 
30 , 768 82 ,640 42 , 805 79 , 987 
3 1  ,668 87 ,262 48 ,045 86 ,242 
Wea l th = . 7  Accumu l ated 
Standa rd Wea I th X 
Dev i at i on 
$ 2 , 4 1 0  $ 48 , 527 
4 , 54 1  49 , 489 
4 , 320 5 1  , 594 
6 ,230 5 1  , 866 
7 , 765 53 , 339 
8 , 575 55 ,05 1 
9 , 300 57 ,056 
1 0 , 600 59 , 423 
1 0 , 795 62 ,224 
1 3 , 230 65 ,652 
1 7 , 2 1 5  69 , 835 
20 , 785 75 ,074 
24 ,245 8 1  , 8 1 8  
3 1  , 785 90 , 8 1 9  
43 ,280 1 03 , 345 
I )  Th i s  co l umn conta i ns resu l ts of the mu l t i -per i od mode l w i th mean y i e l ds I nse rted for 
each yea r and  i s  t reated as a contro l i n  th i s  descr i pt i on .  
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F I G URE 2 .  ACCUMULATE D CRE D I T  RE SE RVE OVE R 15 YE AR PER IOD  FOR THREE  LEVE LS OF SER IAL  
CORRE LATIO N AND A CO NTROL . 
� I' 
JJ, 
S i t uat i on I I .  
I n  s i t uat i on I I ,  on l y  on e o f  the a s s u me d  cha racte r i st i cs fo r the 
rrode l j u st  d i scussed  i s  a l te re d . Res u l ts ev i dent  i n  the dahi gene rat(; d  
i n  con nect i on \•! i th s i t uat i on I 1:,e rn i n  re ga rd to t h G  n at u re of  the 
yea r l y  accumu l at i on o f  v1ea l th .  I n  th i s  s i t uat i on ,  the  i n i t i a l a sset  
pos i t i on i s  dou b l e d an d the e f fect of  th i s  cha n qc , on the a b i I i ty o f  
t h e  f i rm t o  accumu l ate we a l th ove r t i me i s  ob s e rved . ( The i n i t i a l  
a s set f)Os i t i on i s  nO':/ 640 a crc?!s o f  l 2 n cJ  a n d  $ 1 00 , 000 c red i t  rose rvd . 
Data gene rated for  the  f i rm desc r i b� d by these cha racfo r i s  t i  cs i s  
s u mma r i zed  i n  Tab l e  3 .  Res u l ts a re mu ch the s2me as  they  we re i n  
s i t u at i on I .  Aga i n ,  thG ex i ste n ce o f  a uto �cc r re l at i cn i n  the  y i e l d s 
seer:1s to h a ve re I a t  i ve I y I i tt  I s  e f f ect on the f i rrn ' s a b  i I i ty o f  the  
f i rm to  accumu l ate 1:12a l th ove r t i n:c . The  i n c re a s 2 d  i n i t i c.i l pos i t i on 
o f  the f i rm red uces the  i rn:J act  o f  the con stant  w i  th d rm1a  I fo r con -
s u mpt i on an d the  accu tJu l at i on p rocess  p rocee us  i n  so rnev1 hat  the  same 
fa s h i on as  be fo re bu i" mo re s r�oo-1-h I y .  
S i t uat i on I I I .  
I n  bot h  p re v i ou s  s i t u a i- i on s : a rathe r I i be ra l  i nvGst rnen t  p o l i cy 
\va s  a s s umed  fo r the  fa  rrn f i rr.: . I n  the  f i rm ch a racte r i -zed  i n  the  
a s s umpt i on s  set out  be l ow a rro ro con se rvat i ve i n ves tment  po l i cy 
i s  postu l ate d . T he f i rm was ass u me d  to ha ve the fo l l ow i n g c ha racte r i st i cs : 
( I )  I n i t i a l asset  pos i t i on :  320 ac res of  l a n d , $50 , 000 c re d i t  
rese rves . 
( 2 )  Con s u mpt i on f u n ct i on Y = a + bX ,  a +  $3 , 000 = s u b s i ste n ce 
l eve l con s umpt i on ,  b = . 5 33 = ma rg i n a l  p ropen s i ty to con s u me  
net i n come a fte r taxes . 
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(3) Tax Rate: average tax rate of 25 percent on net income. 
(4) Technical re l ationships within firm: characterized by  the 
coefficients in Tab l e  I .  
(5) I n vestment Po l icy: each do t  l ar borrowed for p roduction 
p urposes is backed by  2 do l l ars of credit reserve. 
(6) Crop yie l ds an d variabi I ity: both cotton and grain sorghum 
were assumed to be  norma l l y  distributed with the means, 
variances and corre l ation coefficient indicated above. The 
coeff t c i ent o<. was set at I . o ,  . 9, an d • 7 .  
(7) Objective fun ction: Firm operator was assumed to be  maximizing 
accumu l ated wea l th. 
This firm fo l l ows an in vestment po l  icy which wou l d al ways in sure 
enough credit reserve to sustain an op eration of a given size for 
a two year period. This strategy was quite corrmon amon g  the d ry l an d 
farmers interviewed in connection with this study in the High P l ains. 
I nformation generated in conn ection with this firm is p resented  in 
Tab l e  4. Ten rep l ications of the mode l  were used to compute the data 
for the ana l ysis of this firm situation . The reduction in the abi l ity 
of the firm to grow as a resu l t of the more conservative in vestment 
po l icy is substantia l . I n  fact, in the initia l years the capital 
withd rawa l (due to the constant val ue in the consumption function) 
caused the firm growth quite s l ow l y. The fact that this is a perfect 
know l edge mode l  detracts considerab l y  from the abi l ity to interp ret 
the differences in resu l ts that appear to be due to al ternative in vestment 
po l icies. As the know l edge of the rea l ized yie l ds in subsequent years 
decreases the me rits of this in vestment po l  icy in re l ation to the p revious 
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Yea r 
I 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
I I  
1 2  
1 3  
1 4  
1 5  
Tab l e  3 ,  S urmiary of the S i mu l at i on Res u l ts 
for the Farm Fi rm Cha racter i zed by S i tuat i on I I 
Accumu l ated Wea l th a = I Accumu l ated Wea l th a = . 9  Accumu l ated Wea l th a = . 7  Accumu l ated 
Standa rd Standard Standa rd Wea l th 
Mean Dev i at i on Mean Dev i at i on Mean Dev i at i on x 
$ 1 0 1 ,683 $ 4 ,92 1 $ 1 0 1 , 46 1 $ 6 ,632 $ 1 0 1 , 660 $ 4 ,9 1 5  $ 1 0 1 , 1 42 
1 06 , 332 9, 956 1 07 , 397 1 1 , 598 1 06 , 446 9,274 1 05 ,28 1 
1 09 ,005 8 , 358 1 1 1 , 399 1 3 , 86 1  1 08 , 805 8 ,967 1 1 0 , 85 1  
1 1 6 , 506 1 2 , 690 1 1 5 , 829 1 3,297 1 1 7 , 205 1 3 ,2 1 0  1 1 1 , 933 
1 24 , 7 1 7  1 6 , 386 1 22 , 2 1 3  22, 474 1 25 , 638 1 6 , 5 1 0  1 23 ,620 
1 38 , 1 94 1 8 , 842 1 28 , 372 25 ,298 1 35 , 260 1 9 ,807 1 3 1 ,036 
1 38 ,  1 6 1  1 9 , 833 1 34 ,495 28 ,990 1 39 , 345 20 , 3 1 5 1 39 , 338 
1 45 ,202 23, 397 1 47 ,  1 66 37 , 525 1 45 ,944 23,420 1 48 , 738 
1 52 , 560 24 , 1 67 1 56 , 333 4 1 ,938 1 53 , 659 26 ,638 1 59 , 5 1 8  
1 58 , 740 30 , 1 38 1 7 1 , 777 53 , 535 1 6 1 ,674 32 , 655 1 72 , 077 
1 75 , 77 1  38, 736 1 75 ,  1 20 60 ,655 1 78 ,028 4 1 , 300 1 86 ,986 
1 88 , 2 1 9  47 , 78 1 1 94 ,673 66 , 750 1 90 , 877 52 ,005 205 , 10 I 
204 ,239 56 , 899 204 , 338 67 , 750 209 ,686 60 ,695 227 , 778 
227 ,  1 58 79 ,482 237,074 1 05 ,075 230 , 774 82 ,290 257 , 306 
248, 492 88, 225 256 , 9 1 9  1 2 1 ,050 254 , 493 88 , 305 297 , 52 1  
I )  Th i s  co l umn conta i ns resu l ts o f  the mu l t i -per i od 1TOde l w i th mean y i e l ds i nserted for 
each yea r C non-stochast i c )--treated as a contro l .  
1 27 
Tab l e  4 ,  S umma ry of S i mu l at i on Resu l ts 
for the Farm F i rm Cha racter i zed by S i tuat i on I I I 
Yea r Accumu l ated Wea l th = I Accumu l ated Wea l th = .9  Accumu l ated Wea l th = .7  Accumu l ated 
Standard Standard Standa rd Wea l th I 
Mean Dev i.at i on Mean Dev i at i on Mean Dev i at i on x 
I $48 , 467 $ 2 , 390 $48 , 747 $ 3 ,  1 1 6 $49 ,467 $ 4 ,253 $48 , 483 
2 48,063 3 ,085 50 , 888 5 , 860 48, 587 3,622 49 , 1 62 
3 48, 1 3 1 3 ,605 50 ,9 1 9  6 ,2 1 5  48 , 1 87 3 , 896 49 ,943 
4 49 , 364 4 ,930 5 1  , 525 7, 2 1 4  49 , 6 1 3  5 , 263 50 , 84 1  
5 5 1 , 6 1 4  5 , 675 51 , 836 7 ,695 52 ,048 5 , 745 5 1 , 877 
6 5 1 ,035 5 , 2 1 0  52 , 594 8 ,060 52 , 499 5 , 867 53,075 
7 52 , 768 5 , 480 52 , 24 1  8, 565 53,420 5 , 965 54 , 465 
8 53,957 7 , 550 55 , 567 1 3 , 1 70 54 , 534 7 , 1 44 56 , 086 
9 55 , 46 1 8, 675 56 ,827 1 3 , 850 56 ,072 8, 636 57 ,989 
1 0  56 ,435 1 1 , 1 30 59 ,245 1 5, 420 56 , 804 1 1 , 6 1 6  60 , 242 
1 1  56 , 995 1 0 ,670 60 ,45 1 20 ,045 58, 439 1 1 , 1 90 62 , 935 
1 2  58 , 549 1 2 ,  1 55 6 1 , 703 20 , 795 58 ,247 1 2 , 670 66 , 1 87 
1 3  58, 35 1  1 1 , 755 6 1 , 04 1 2 1  , 875 58, 966 1 2 , 999 70 , 2 1 3  
1 4  58, 558 1 5 , 265 69 , 483 33, 750 59 , 546 1 6 , 527 75 , 26 1 
1 5  62, 439 1 8 , 085 72 , 388 37 , 385 64 , 357 20 , 402 8 1 , 693 
-
I )  Th i s  co l umn conta i ns resu l ts of the mu l t i -per i od node l w i th mean y i e l ds i nserted for 
each yea r and i s  treated as a contro l . 
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one l n  situations I and II would be expected to increase. However, this 
situation does make quite evident the limitation placed on growth 
potential by such conservation investment policies. 
In general, the results of this situation are much I ike those 
of the two previous nodels. There is a reduction in the growth of 
the firm due to the instability of yields. The magnitude of this 
difference can be estimated by cofll)aring the approximated solutions 
of the stochastic nodels in Table 4 to the solution of the control. 
Serial correlation in the yl eld data seems as before to have little 
effect on the accumulation of wealth or its variance. 
Situation IV 
The initial asset position is increased to 640 acres of land 
and $ 1 00,000 credit reserve for this situation. Al I other characteristics 
are the same as those in Situation II I. Data related to this situation 
are summarized in Table 5. Results are quite similar to those of 
the previous situation. The limiting effect of the nore conservative 
investment policy is easily seen. This situation was included mainly 
so that It could be used as a comparison in the fol lowing section. 
Results of other situations could be east ly obtained from the 
rrt>del. Those presented have just been some of the more basic situations. 
Co"1'.)a r i son : 
Some of the information presented in connection with each of 
the firm situations ts drawn together here as a means of indicating 
the method of constructing the response surfaces described at the 
end of the section on the analytica l technique . Data presented here 
may be of limited practical value since the four firm situations 
considered provide only a very limited number of points on each 
surface . For a given yield assumption ( a = I in this case) the 
relationship between investment policy, initial asset position and 
growth or accumulated wealth would seem to hold economic significance . 
Information from the firm situations  applicable to this surface is : 
Accumulated Wealth 
Point Initial Asset Position Investment Over the 1 5  year 
Pol icy Period 
Standard 
Mean Deviation 
I 320 Acres, $ 50, 000 credit reserve I :  I $83, 988 $ 3 1 , 663 
2 640 Acres, $ 1 00,000 credit reserve I :  I 248, 855 88, 225 
3 320 Acres, $ 50, 000 credit reserve I : 2  62, 439 1 8, 085 
640 Acres , $ 1 00, 000 credit reserve I : 2  1 90, 1 88 5 1 , 995  
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Tab l e  5 ,  Summary of S i mu l at i on Res u l ts 
for the Fa rm F i rm Cha racte r i zed by S i tuat i on I V  
Yea r Accumu l ated Wea l th - I Accumu l ated Wea l th - . 9  Accumu l ated Wea l th - . 7  Accumu l ated 
Standa rd standa rd Standa rd Wea l th I 
Mean Dev i at i on Mean Dev i at i on Mean Dev i at i on x 
I $ 1 00 , 299 $ 4 , 845 $ 1 00 ,603 $ 6 , 357  $ 1 00 , 799 $ 4 , 845 $ 1 00 , 052 
2 1 02 , 408 6 , 260 1 08 , 220 1 2  ,072 1 02 , 745 6 I 1 50 1 04 ,6 1 0  
3 1 05 , 803 7 , 475 I I I , 595 1 2 , 943 1 06 ,002 8, 080 1 09 , 402 
4 1 1 1 , 776 1 0  I 1 90 1 1 3 , 274 12  I 1 85 1 1 2 , 300 1 0 , 925 1 1 4 I 782 
5 1 20 I 1 76 1 1  , 645 1 20 , 443 1 6 ,  1 92 1 2 1  , I I I 1 1  , 805 1 20 , 5 1 4  
6 1 29 ,084 1 3 , 265  1 25 , 636 1 9 , 394 1 30 , 304 1 3 , 730 1 26 , 778 
7 1 30 , 023 1 2 , 7 1 0  1 28 , 4 1 8  1 8 , 1 23 1 3 1 ,087 1 2 , 885 1 33 , 673 
8 1 36 , 452 1 7 , 1 05 1 40 , 84 1 30 , 653 1 37 , 729 1 7 , 675 1 4 1  , 328 
9 1 1 4 , 520 20 , 485 1 47 , 384 3 1  I 1 94 1 46 ,232 20 ,425 1 49 , 99 1  
1 0  1 47 , 684 32 ,025 1 57 , 7 1 5  35 ,248 1 52 , 3 1 9  27 , 855 1 59 , 642 
1 1  1 65 , 505 38 , 350 1 65 , 372 46 , 655 1 60 , 843 27 , 2 1 5  1 70 , 822 
1 2  1 65 ,  728 40 , 420 1 73 , 362 48 , 835 1 67 , 203 33 , 830 1 83 , 87 1  
1 3  1 7 1  , 505 4 1 , 1 02 1 75 , 762 52 , 455 1 70 , 720 33 , 355 1 99 , 399 
1 4  1 75 ,632 4 1  , 450 203 , 248 85 ,070 1 77 , 822 44 ,630 2 1 8 , 320 
1 5  1 90 ,  1 88 5 1 , 995 2 1 8 , 862 94 , 985 1 97 , 305 54 , 855 24 1 ,  789 
I )  Th i s  co l umn conta i ns res u l ts of the mu l t i -pe r i od mode l w i th mean y i e l ds i nse rted 
for each yea r an d i s  treated as a contro l . 
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Each of the above combinations of credit reserve pol icy and initial 
asset posit i on corresponds to the density function describing a 
point in the wealth accumulation plane. Other parts on this plane 
could be estimated by considering firm situations with different 
investment pol i cies and initial asset positions. 
Another comparison which serves to suggest the possible use 
of the information generated with respect to each of the above 
situations for firm growth is that between serial correlation in 
yie l ds ,  investment pol icy , and accumulated wealth or growth. 
Informat i on describing this relationship is : 
Accumulated Wealth 
Over 1 5  year Period 
Point Seri a I Correlation Investment Po I icy_ Mean Variance ·--
I a. = I I :  I 83 , 988 3 1  , 668 
2 a. = . 9  I :  I 87 , 262 48 , 045 
3 a. = o 7  I : I 86 ., 242 4 3  ., 2 80 
a. = I I : 2  62 , 439 1 8 , 085 
5 a. = . 9  I : 2  72 , 388 37 ., 385 
a = . 7 I : 2  64 , 357 20 , 402 
This information comes from situations I and I I I which are the same 
except for credit pol icy. Although the accumulated capital associated 
with a. at . 9  is somewhat higher in both instances with a. at 1 . 0  and . 7  
the means al I fal I within a rather smal I range. Again ., rrore estimates 
of the density functions associated with points on this surface could 
be found by considering other firm situations. 
Generally then ., in making these comparisons a method has been indicated 
that wi I I yield the functional relationship between the factors hypothesized 
as affecting firm growth. These functional relationships would seem to 
be useful information for agricultural people at both firm and pol icy 
levels. 
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TE NTAT I VE CONCLUS I ONS AND SUGGESTI ONS FOR FURTHER RES EARCH 
The conclusions that can be drawn from the results o f  the analysis 
are somewhat limited by the unrefined manner in which the results were 
presented . However, in spite o f  the lack o f  statistical tests some 
rather interesting inferences may be formed from the results in the i r  
present form . The failure o f  the presence of strong serial correlation 
in yearly yields to substantially effect either the amount of  wealth 
accumulated or its variance over the 15 year span of  the model was rather 
interesting and unanticipated . Constant capital withdrawals seem to be 
of considerable consequence in the accumulation process . The $3 , 000 "a T ' 
value in the consumption function was large enough to inhibit growth in 
both o f  the situations with the smaller initial asset position . Com­
parison of the solutions for the four situations selected for presentation 
was suf ficient to show that this type of  research technique holds possibi I ities 
for the estimation of some rather revealing relationships that exist as 
a result of  the interaction of  the hypothesized factors ef fecting farm 
firm growth . In the comparisons presented the relationships seemed to 
be intuitively appealing .  tvbre conservative investment policies seem 
to lead to reductions in both potential accumulation and its variation . 
Again, the importance of  the analysis was that it made possible the 
est i mation o f  the magnitudes of these relationships . With more points, 
which could be generated by considering rrore situations , the entire sur face 
could be statistically approximated by some sort of least sq uares or 
curve fitting procedure . Probably the most significant conclusions in 
relation to the multi-period stochastic model lie in the possibi I ity 
for its use in further research . The model as formulated and solved in 
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this study has some rather severe practical limitation which are mainly 
the result of the very unrealistic assumption of perfect knowledge. 
There is a distinct possibility that with slight alteration this multi­
pertod stochastic mode l can be made to represent situations of less 
than perfect knowledge . Basically this could be accomp lished by shortening 
the time span over which the solutions for individual years within the 
entire mode l are calculated. For examp le, results gained by superimposing 
a five year moving average type solution scheme upon the entire number 
of years in this prob lem could yie ld results under conditions of less 
than perfect knowledge . Essentially ,  the procedure would be to add 
one year and drop one year off with each progressive sub-solution. 
Assumed y ie ld expectations of the entrepreneur could be included in al I 
but the first year in which yie lds would be supp lied in the manner 
used here. Fol lowing a procedure of this general format solutions could 
be gained that would reflect less than perfect knowledge on the part 
of the firm operation. The fact that this suggested mode l seems to be 
rather close to the situation faced by agricultural firms would seem to 
add to the interest in this type of approach. 
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OBSERVATIONS AND REF LECTIONS WITH RESPECT TO THE SESSION 
By 
U I f Renborg* 
By way of introduction, I find that my remarks fal I unde r three 
headings : (I) criteria fo r evaluation, (2) obse rvations and reflec-
tions, and (3) summary p roposals for fu rthe r wo rk . Afte r me rely 
listing the crite ria, I wi I I discuss each in con nection with some 
obse rvations and reflections, afte r which I wi I I summarize . 
Five c rite ria, I believe, are useful in our evaluation of this 
seminar on firm growth . The five crite ria are : 
(I) Work must be on important p roblems for agriculture and society 
as a whole . 
(2) Work has to be focussed on (a) the growth p rocess and C b) 
( 3 )  
the development of useable (manageable and unde rstandable) 
d I /  ecision models for firms that have to grow . -
The models to be developed have to be consistent with 
economic theory . 
(4) The models have to be consistent with reality . 
(5) Enough research resources have to be put into the project 
to solve it within a reasonable time. 
*Professor ,  Department of Agricultural Economics, Agricultural College, 
Uppsala, Sweden . 
I/This means that the obj ectives for the p roject , as earlier outlined 
by �he group, have to be met. These objectives are : 
( I) Study the ways in which farme rs get started and the best 
strategies for starting . 
(2) Investigate the p refe r rable o rganizational pattern for 
profitable g rowth. 
(3) Investigate the preferrable operational strategies for 
profitable growth. 
(4) Indicate the best combination of ways to get started and of 
organizing and operating a farm firm for p rofitable growth . 
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�__5?rtance of Problems 
The group here seems convinced that an important problem is 
being attacked . Thus it has been stated from many sides : (a) that 
growth is necessary for the farmer to maintain reasonable , i . e .  rising , 
income over time , ( b) that our knowledge of the growth process is 
poor , (c) that the way in which plans are made for farmers today does 
not stress the growth element enough if at al I .  
Focus of \fork 
The U .  S .  studies that were presented here focus more on the 
growth process per se , how it operates and its characteristics . 
to quote from Martin ' s  paper "this is a growth and not a decision 
mode I • n In contrast , the Swedish group has focussed more on the 
possibi I ities to develop manageable decision models on various 
levels of : ;refinement . 0 
Martin ' s  and J ohnson ' s  studies try to answer two questions : 
What does the capital accumulation process under certainty and risk 
in fact look I ike? and What happens to growth when the init i al level 
of equity capital , the propensity to consume , the yields, etc . , al I 
vary? Walker demonstrates how the prowth process can be visualized 
with the help of simulation procedures and operationa l games , and 
how these procedures can be used both in teaching and research to 
indicate important features of growth . 
Especially Martin ' s  model can , to ITT{ judgment , be easily devel­
oped into a dec i sion model . Thus it already has in it the indica­
tions on how land and capital have to increase to fulfi I I the growth 
goa I .  
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I can see the fol lowing possible ways to develop it furthe r :  
(a) increasing the numbe r of operating activities to cover 
the important alternative growth directions , 
C b) including into the requirements matrix rrore goal constraints 
(consumption levels, survival standards, etc.) , 
C c) adjustment costs (nothing but the lack of capital now stops 
the expansion). 
The S wedish work is--after  some rough empirical studies on the 
growth problems of individual firms--focussed on development of use­
able planni ng methods. It is obvious, however, that we have a long 
way to go before the rough outline of possible planning methods t s  
boiled down to a manageable planning procedure. I see a difference 
between U. S. and Swedish studies. You in the U . S .  have picked some 
technique that you were familiar with and then tried to simulate 
(ii lustrate) a growth process or to develop a decision model. This 
has rapt dly brought you to the hard facts in calculation. It is, 
however, somewhat dangerous as a research approach. 
The Swedish group has started by explort ng literature in search 
for a general planning mode l  and for various possi ble techniques 
to be put into this general model to build a decision model for long 
run planning of firms for growth. This means that we have used our 
time to explore and have not yet reached the stage of calculating 
and expe rimenting. 
tvbdels and Economic Theory 
It seems to me that it is di ff i cu It to -f i nd the theory for 
growth of the firm. However, a warning is that our I ists of litera-
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ture obviously are not yet complete and not yet boiled down to the 
essence of the "theory of growth": Only 4 out of 26 items in the 
u. S. list and 4 of the 100 in the Swedish are the same! 
This warning-- and I think also the various references--indicates 
that there are sti 11 very many valuable "theoretical ideas" or "pieces 
of theory" that have to be picked up and introduced in our models--
no matter if they are models of the growth process or decision rrodels 
for planning. Examples are: 
I .  Penrose' s2/ ideas on how to find incentives to growth. 
2. Harrod-Domar' s growth models and the extensions thereof 
to many sectors (i. e. operating activities) and many 
factors of production that Tinbergen and Bos3/ have 
developed. 
3. Baumol' s4/ growth models where he matches growth profit 
against expansion costs. 
etc. 
The concept of growth has to be explored further. We have had 
several proposals for defining growth as: an increase in total value 
of resources used; an increase in accumulated wealth; or an increase 
in total output. 
I t  is obvious that we as yet do not know which is the best � 
� object i ve functi on for our models. Wil I we have one function and 
2/Penrose, E. : The Theory of the Growth of the Firm, Oxford 1959. 
3/Tinbergen and Bos: Mathematical tvbdels of Economic Growth, New 
York 1962. 
4/Baurrol, W. : "On the Theory of Expansion of the Firm!' American Econ. 
Rev. December 1962. 
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optimize it? If so: What function ts the best one to describe 
the goal or goals? Wtl I we Introduce a set of goal standards to be 
sattsficed? If so: What standards and how sha t I they be determined? 
Many problems are still  connected with the establishment of the 
length of the plannin g  period. "Planning  in stages" according to 
Tin bergen-Bos may be of Importance for our models. If this ts n ot 
possible the models will  be unmanageable. This, however, ts sub­
optfmtzatton and the effect of It has to be explored. Ttnbergen­
Bos are optimistic as to the possibilities of using the planning  In 
stages. In this respect Martin ' s  model is well  designed but as 
we have already said maybe too n1J ch stmpltfteo . 
M:>dels and Reality 
It Is necessary to test the models--growth as wel I as decision 
models--for real i ty .  Ttnbergen-Bos requires that three questions 
be answered. Are the mode Is comp I ete t n the sense that no  rea 1 1 y 
important aspects of the growth or planning  problem ts overlooked? 
Are they correct in the sense that they are In reasonable agreement 
with reality? Are the coefficients that go Into the model known 
or can be obtained without too costly work? 
Part of this may be achieved through an extensive simulation 
of the p lann tng environment. Here I think that both Walker' s and 
J ohnson' s models can give us Important possibi lities to test for 
real tty . A testbed ts needed for both growth and decision models. 
However, I a lso thi nk  it ts necessary to make empirical studies on 
re levant growth problems (Johnson and the Swedish group have made 
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this). Other possibilities, especially for decisi on m:>de l s :  C a) 
planning of Individual firms · and follow f ng the results (ex post for 
farms with good accounts or ex ante for pilot or study farms) and 
C b) 0the proof of the pudding l s  In the eating. " 
Are the nodels presented consistent with real.ity? My feeli.ng 
Is that much work for all of us remains on this point. The various 
U. S .  nodels are, of course, consistent with the theory for the 
Individual rrodel. The interesting question here, however, is which 
of these or other possl ble rrodels show the best consistency with 
real tty. For example, If the planning environment o_f the agricultural 
firm is mainly characterized by risk, then J ohnson' s approach can 
be Important. If it is characterized by uncertainty then the games 
presented by Walter--probabl I ities not shown to the players--may 
be the best st�L .a.. ; "g  point for deve I oping dee is I on node Is. 
In this connection I think it is important to point out the 
necessity-- at least for the decision nodels the Swedish group l s  
trying to develop--the necessity to develop from empirical studies 
C s  I mu I ati ons o.r other) the � standards £!':_ � constra I nts that 
have to go into the nPdel, i. e. how to decide on consumption i evels, 
on liquidity and flexibility standards, on capital-output rations, 
adj ustment costs, etc. 
Research Resources 
Here only two questions wt I I be put forward. Wi l I we within 
reasonable time be able to present manageable growth rrodels and 
decision models that can have an important impact on the better and 
better solution df adj ustment problems micro and macro of agriculture 
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with research resources now devoted to this problem? What is the 
priority to be put on these studies compared with other possible 
research efforts? 
I do not know the answers to these questions .  Personally I 
think that the priority of these types of studies is high an d thus 
I hope that enough resources can be made avai I able for them . 
also hope for closer national and international cooperation on this 
problem . Especially do we need international exchange of models 
an d testbeds of the Johnson or Walter type . 
Summary 
In connection with criterion number two, the focus, I should 
say the Swedish studies have to be supplemented by experiments for 
studying the growth process . The U .  S .  studies have to be focussed 
also on the development of decision models for firms that have to 
grow . 
In connection with criterion number three , we need more extensive 
exploration of existing "theoretical ideas" or npieces of theory . "  
�ve a I so need to define the concept of growth . We need to make a 
theoretical an d empirical comparison of possible goal function or 
functions .  We need to define the length of the plannin g period . 
In connection with criterion number four, we nee d general work 
on making our models more realistic . We should ask ourselves which 
models of growth an d for decision are most consistent with reality? 
This includes testing for reality . We must develop goal stan dards 
or goal criteria from empirical studies. 
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In connect ion w ith cr iter ion number f ive , research resources, 
h igh pr ior ity on these k inds of stud ies is suff ic ient reason for 
ask ing for research funds . It is also reason for w ider nat ional and 
internat ional cooperat ion . Why not an internat ional sem inar? 
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vJHAT ' S AHEAD IN GP-2 
By 
Warren R. Bailey I/ 
This has been a most successful seminar. The pape rs we re 
excel lent, exhibit ing careful work ; mo reove r, they complemented each 
othe r ,  thanks to the authors and the coordinating efforts of our 
p rogram chairman. 
Two of the pape rs develop diffe rent ope rational models for the 
accumulation of capital and reinvestment in the business firm. Both 
of them focus on the process of capital accumulation. Both are 
elementary types as they do not p rovide for decision making--no choice 
of production ente rprises or p rocesses except the one set that was 
bui It into each model. However ,  both models can be expanded to include 
ente rprise choice and othe r modifications which we can expect in 
future ve rsions . Anothe r pape r provided a complete outline for the 
planning p rocess toward achieving growth of the farm business firm. 
A fourth pape r concerned with management games reminded us of the 
realities within which management decisions are made. 
These pape rs help to set the stage for fu rthe r research in GP-2 
with its new emphasis on firm growth. The new work promises to be 
both interesting and challenging ,  and , hopefully wi I I p rovide a 
bette r unde rstandin g than we now have of the probJems of o rganizing 
and managing farms in the Plains. 
I/Economic Research Se rvice. The opinions expressed are not 
necessarily those of ERS. 
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As the seminar closes several questions remain unresolved, 
but I suspect we are not yet ready for definite solutions. One such 
question is a definition of "growth."  I s  it volume of output, or 
arrount of resources control led, or net worth, or some other? While 
the concept of growth may apply to al I of these aspects, they certainly 
are not synonyrrous. For example, growth in size of business could 
be quite different than growth in manager' s net worth. Which concept 
is appropriate in each instance wil I depend upon the research problem 
as viewed by the individual researcher. To me it seems inappropriate 
at thts time to narrow the definition of growth. As we rrove ahead 
there wl l I also be other definitions and concepts we should strive 
to sharpen and refine. I n  future meetings we can return to this 
question. 
Martin asked whether the subject of our GP-2 research is firm 
growth per se, or risk and uncertainty. We left his question unanswered 
but I want to speak to it. 
While the GP-2 research during the early years was focused on 
year-to-year variability, the basic subject originally was and sti I I  
is the organization and operation of farms. The setting of the pro­
blem was and stil I is the Plains environment which is a setting of 
risk and uncertainty. I n  a more positive vein, the revised GP-2 
regional project associates firm growth with capital accumulation, 
an important goal of farmers and an objective of organizing and 
operating a farm. �reover, the project accepts the growing firm 
as more realistic than the static firm, for economic analysis. Finally, 
the project title reads in part, "· · ·  establishment, survival, and 
growth of d ry  I and farms " 
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�has is 
The o l d  GP-2 �cognized the goa l of capita l accumu l ation in the 
form of increasing equity in a farm unchanging in size--essentia l l y  
a static approach . The new GP-2 adds the concept of firm business 
growth . This provides a more rea l istic setting for our research, 
a setting in which the business firm may grow in size and output 
over time . Both the process of capita l accumu l ation itse l f  and the 
prob l ems of  enterprise choice and of resource organization take on 
new dimensions under a dynamic concept of growth, as I wi I I i i  l ustrate 
in a moment .  On the other hand, there are abunaant reasons for 
studying growth and the process of growth per se . 
Over time, as a consequence of l earning, managers grow in s ki I I 
and capacity for management . For . them the optimum size firm may 
increase . Success fu l managers acquire earned savings which can be 
reinvested in the firm itse l f  or invested e l sewhere . As equiti es 
accumu l ate, they wi I I support a l arger business . On the other hand, 
mortgage amortization schedu l es require farm entreprenuers to save 
and to accumu l ate equity capita l in r and and machines purchased by 
means of l oans . Consequent l y  a moot question is whether today ' s  
ef ficient farms may require more equity in capita l investment than 
a manager can accumu l ate out of current earnings . Fina l l y , a setting 
of growth may be more appropriate than a static setting for ana l yzing 
the conventiona l farm management prob l ems : resources organization, 
enterprise choice, adoption of techno l ogy , rate of inputs, financia l 
management, and others . 
In addition to emphasizing growth, our new contributing studies 
shou l d  tie into one or more of the four objectives of the regiona l 
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project: ( I) getti ng started i n  farm i ng, (2) strategi es of organi zi ng 
resources for capi tal accumulati on, (3) operati onal strategi es for 
survi val, and (4) synthesi zi ng or opti m i z i ng the strategi es for 
getti ng started, organi z i ng, and operati ng farms. 
Empi ri cal Stud i es 
I hope our contri buti ng research projects wi l I conti nue to stress 
the use of empi r i cal stud i es, as provi ded i n  the research procedures 
of al I four objecti ves of the project outli ne. THe usefulness of 
empi rfcal stud i es to GP-2 research, or any other research for that 
matter, comes about i n  at least four ways. 
For one, such stud i es provi de  the "real world" facts that work­
i ng hypotheses must take i nto account i f  they are to survi ve. For 
examp le, experi ence shows that few farmers i n  the Pla i ns have 
i ntensi ve l i vestock enterpri ses except on a m i nor scale. refer 
here to hogs, lot-feed i ng of cattle, chi ckens, and turkeys. Instead, 
P lai ns farmers tend to speci ali ze i n  grai n producti on; they keep 
cattle mai n ly to graze the i nterspersed range land. Yet farm budget 
and li near progranrni ng analyses cons i stently i nd i cate that i ntens i ve 
li vestock enterpri ses not only would be profi table but essenti a l  to 
maxi m i zati on of net return on typi cal grai n farms. The d i vergence 
between the real world of grai n farmers and the budget or programm i ng 
results i nd i cates ei ther that: 
(a) Grai n farmers are max i m i zi ng somethi ng other than total 
annual net returns, or 
(b) The budget analysi s  contai ns gross errors of data (coeffi ­
ci ents, restrai nts, or restri cti ons) 
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Either the goals we attribute to farmers or our analyses are wron g. 
Instead of maximizing total net returns to fixed resources, the grain 
farmers may be maximizing the returns per dollar of  outlay. This 
would be the better strategy (than maximizing total net returns to 
fixed resources) if the farmer has the opportunity to invest al I of 
his capital in the highest-return enterprise, which might be the 
situation where farm businesses have the opportunity of growth . 
Second, empirical studies are essential to the testing o f  
hypotheses. For example, we might advance several hypotheses to 
explain why farmers specialize in grain farming. Empirical studies 
Would provide the facts about gtain farming for testing the hypotheses 
advanced. 
Third, empirical studies may, and often do, generate ideas from 
which new hypotheses are born. Especially may this happen in the 
course of  farmer interview surveys. An alert researcher often dis­
covers critical but unexpected economic relationships in what f armers 
say or in their attitidues toward economic problems. Farm operators 
as active and self-interested observers o ften can suggest hypotheses 
(though perhaps crudely formulated) be fore they occur to the researcher. 
Fourth, empirical studies are a necessary adjunct to the research 
bui It upon econometric models. The latter models are voracious users 
o f  facts such as input-output coef ficients, various kinds o f  restraints, 
and the rest. A shortage of facts is one of the chief shortcomings 
o f  many econometric models . After completion of  the analysis, the 
empirical studies provide a picture of  the real world against which 
to evaluate the analytical results. 
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An outstanding example of empirical research of interest to the 
new GP-2 is the tvbntana study (Bu i letin 579) in which the starting 
capital · and the progress in capital accumulation was determined for 
a sample of farmers who had begun farming  in differen t  periods of 
time. The study encompassed both ngetting establ ished 1 1  and ' 1 growth . "  
Research Approaches 
The con tributing projects of GP-2 can accomodate a variety of 
research approaches , each to accomplish a differen t  purpose . In  other 
vJords , not al I the analyses need be of the maximizing  or optimizing 
type. Currently our profession has a great propensity for these 
types o f  analyses which many  workers seemin gly regard as the ultimate. 
Maximizing analyses often are very difficult and sometimes imposs i ble 
in an y meaningful sense because of lack of data or lack of sound 
conceptual framework. Also, optimizing and maximizing analyses often 
put a great strain on definin g the objective function , the nwhat ought 
to be . n 
Vve should not overlook the more modest economic questions (and 
simple approaches) such as, for example : 
( I ) Is grO\'lth o f  a fa rm business firm faster in crop fa  rm i n g  
or in intensive I ivestock feedin g?  Here is a very practical 
economic question ; the answer would be useful to many 
farmers . The analysis is a simple budgetin g comparison in 
which capital accumulation is computed for two kinds of 
farming  and then compared. 
(2) Same question as ( I) but analyzed for a specified sequence 
of crop yields such as 1951-65. Again the solution is 
provided by simple budgetin g. 
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( 3) What comb i nation of  management devices in crop farming 
permit the operator to control ( use) the largest amount 
o f  land and capital goods, to produce the largest output , 
and make the rrost net income ? The question here is how 
can the services of  land and machines ( which  ordinarily 
are owned by the firm) be obtained with the least outlay 
of capita I investment? I f the services the mse I ves cou I d  
be purchased as needed--land rented for a year at a time ; 
machines hired by the day--then al I expenses would be 
direct expenses and no long-term investment would be needed . 
There must be many other equally practical questions ready for research , 
Now, as to techniques . Not al I of  our future research on growth 
of the farm firm need be bui I t  around linear programming, currently 
a popular and widely used technique . Another technique cal led 
ns i mu I at ion n is coming into use among economic researchers . Like 
budgeting and I inear programming, simulation involves models . The 
computations usually are done on a rapid digital computer . Computer 
simulation makes feasible certain things that are possible though 
not as feasible in budgeting and programming .  I n  simulation the 
ef fect of  a change in operation can be projected over many time 
periods ; and ,  with simulation we can deal with events where the 
expected outcome is not accurately described by an average value . 
Let me suggest some of  the attributes our research techniques should 
have . 
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To study growth, our models and techniques must accomodate a 
series of ( annual) events over time. tvbdels and techni ques should 
ha ve the capacity to reinvest in the firm any surplus ea rnings above 
fa rm operating and family I iving expenses. They need to ha ve a choice 
of enterprises and be able to choose those in which the reinvestment 
wi I I take place. They need to accommodate stochastic elements such 
as a random selection of a nnual crop yields from a probability sample, 
as  Johnson' s model does. Our rrodels need to be 'as realistic and 
flexible as possible. 
Finally, we need empirical data on how fixed or flexible a re 
farm expenses and household consumption functions. Do fa rmers borrow 
in bad years and pay back in good yea rs? Are the proceeds of high 
income yea rs reinvested in the farm business, or a re they spent for 
new furniture, a new ca r, or a vacation? 
Where to Sta rt 
Each of us should seek some real I tve economic problems in the 
agriculture of our respective states as a place to sta rt the new GP-2 
resea rch. Let ' s  not start with problems that a re primarily academic or 
those of interest only to a resea rcher. Practical problems are desirable 
because the results ha ve a ready market. Also they nearly always 
provide opportunities for using and developing economic theory--have 
their theoretical aspects--hence practical problems a re intellectually 
satisfying. 
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